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How Did Life Begin (pp. 6-9) 


Earth Science and General Science 
Topics: Origin of the Earth’s atmos- 
phere, formation of the solar system 

Biology Topic: Evolution (the origin of 
life ) 

Chemistry Topics: Organic chemistry, 
chemical evolution 


About This Article 


No biology course of study is com- 
plete without a unit on evolution, by 
whatever other name it may be called 
in various textbooks. In a biology class 
studying this unit, students raise the 
inevitable question: “How might life 
have begun?”, For the biology teacher 
faced with this question, this article 
will come in mighty handy. The article 
gives an account of the Oparin-Urey 
cosmogony and theory of the origin of 
life. It describes how Dr. Stanley Mil- 
ler was able to get “forerunners of 
proteins” to form in a mixture of 
methane, water vapor, hydrogen, and 
ammonia, It then goes on to describe 
a theory of the origin of the Earth 
according to which early atmospheric 
conditions were similar to those in Dr. 
Miller’s flasks. The rest is chemical 
evolution—the formation of colloids, the 
appearance of catalysts, the develop- 
ment of DNA molecules capable of 
self-duplication and of synthesizing en- 
zymes, the evolution of cells, the for- 
mation of an atmosphere of oxygen and 
carbon dioxide, the synthesis of chloro- 
phyll and other energy-related pigments 
by cells destined to evolve into the 
plant kingdom, and the development 
of feeding mechanisms by cells des- 
tined to evolve into the animal kingdom. 
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Using Science World 
in Your Teaching 


Some cautions are in order. First, 
we must emphasize to students that 
the Oparin-Urey theory is only a pos- 
sible answer to the question, “How 
might life have begun?” It is not by 
any means the answer. Second, we 
should point out—as, indeed, the author 
does—that there are “gaps” in the 
theory. Third, we should try to get 
students to perceive that linking life 
to matter does not make life any less 
wonderful; if anything, it makes mat- 
ter all the more wonderful. 


Topics for Reports and Discussions 

1. Describe a theory to explain how 
the solar system was formed. 

2. Describe Dr. Stanley Miller's ex- 
periment to find out whether proteins 
could be formed from gases. 

3. Describe how the Earth could 
have developed its present-day atmos- 
phere. 

4. Explain how primitive “life” may 
have been preserved before the Earth 
acquired its present atmosphere. 

5. Compare the earliest “organisms” 
with later organisms in the way they 
obtained energy. 

6. Point out gaps in the Oparin- 
Urey theory—aside from those men- 
tioned in the article by the author— 
and suggest the evidence required to 
close these gaps. (How many gaps can 


you find?) 


Travel by Rocket (pp. 10-12) 
General Science Topic: Space travel 
Physics Topic: Laws of motion 
Biology Topic: Space physiology 
About This Article 

What would it feel like to get to an 


airport in the United States, go through 
a tunnel to a launching pad, get into a 
ballistic vehicle with other passengers, 
be shot through the air, and in about 
an hour land at an airport in Europe? 
You almost have such an expérience 
yourself when you read Dr. Ley’s ar- 
ticle, for he vividly describes what you 
would actually feel by way of accelera- 
tion on take-off, weightlessness in 
flight, and deceleration and impact on 
landing. 

A flight of the imagination? Yes, 
indeed. Nevertheless, such _ ballistic 
passenger liners are now feasible, and, 
according to the author, they can be 
made comfortable and safe. 


Teaching Suggestion 


This article could be an effective 
take-off for a biology lesson on space 
medicine, or for a physics lesson intro- 
ducing the laws of motion. 


“Hot’’ Waste—Problem of the 
Atomic Age (pp. 13-15) 


Earth Science Topic: Ocean ravines, 
ocean currents 


Physics Topic: Radioactivity 
Biology Topic: Marine ecology 
About This Article 


Mr. Dresner writes about one of the 
“hottest” problems of our time—the 
disposal of atomic wastes. In _ the 
United States alone, 60,000,000 gal- 
lons of such wastes are now stored in 
tanks, in concrete-covered drums at 
the bottom of the sea, in tunnels dug 
into mountains, in abandoned salt 
mines, and elsewhere. The cost of such 
storage in the last 14 years is estimated 
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to have run to $65,000,000—more than 
a dollar per gallon. At work on the 
problem are not only physicists and 
engineers, but also geologists, hydrol- 
ogists, and oceanographers, Eventuai- 
ly, even space scientists may become 
involved, since the safest disposal of 


such wastes is to get them off our 
planet. 
It would appear that man might 


eventually find himself in the position 
of the sorcerer’s apprentice who, it will 
be recalled, was threatened with ex- 
tinction by his own doing. Fortunately, 
there may be a way out. It is hoped 
that “by the end of this century hy- 
drogen fusion power will be a real- 
ity.” It is believed that fusion power 
would leave no radioactive wastes. 
Teaching Suggestions 

Even if Mr. Dresner’s article did 
nothing more than pose a current so- 
cial problem created by science, it 
would be appropriate reading for stu- 
dents in science classes. Actually, the 
article does more: it defines such terms 
as the curie, the microcurie, and _half- 
life; it refers to specific isotopes such 
as strontium-90 and cesium-137; deals 
with the oceanic currents by which 
such radioactive elements may be 
spread; considers the uptake and con- 
centration of such elements in marine 
organisms; and describes monitoring 
procedures and devices. Something of 
the scope of the article is reflected in 
the review questions below. 
Review Questions 

1. Define microcurie, curie. 

2. What is the “strength,” in micro- 
curies, of liquid radioactive wastes? 

3. Explain why drums of radioactive 
wastes are covered with a jacket of 
concrete. 


4. Explain why the captain and 
crew of a boat towing radioactive 


wastes wear badges containing pho- 
tographic film. 

5. Describe ways in which scientists 
have been testing the Irish Sea for 
safety so far as radioactivity is con- 
cerned. 

6. Why does the disposal of wastes 
fram atomic reactors pose a specially 
difficult problem? 

7. For how many years must wastes 
be isolated if they contain strontium- 
90? If they contain plutonium? 

8. Why are wastes containing stron- 
tium-90 or cesium-137 buried in the 
ground rather than sunk into the sea? 

9. Explain the special meaning of 
the term “storage tank” in connection 
with radioactive waste disposal. 

10. How are radioactive wastes de- 
livered for disposal in a mountain 
tunnel? 

11. Explain the objection raised to 


disposal of radioactive wastes in deep 
ocean ravines. 

12. How would the substitution of 
fusion power for fission power solve 
the problem of radioactive waste dis- 
posal? 


Tomorrow’s Scientists 
(pp. 23-26) 


Fossil Insects 
Biology Topic: Evolution (fossils) 
Most biology curricula are set up so 
that the unit on Evolution is taught 
toward the end of the school year. 
Michael Brown’s report in this issue is 
therefore timely. Students who are 
shown fossils in class will acquire, 
through Michael’s report, some appre- 
ciation of the skill and patience that is 
often required to “unearth” a fossil, 
even after it is found and collected. 
They will also vicariously experience 
the thrill of gazing at the actual re- 
mains of creatures that lived some 
30,000,000 years ago. 


Peaceful Atoms at Work 
Chemistry Topic: Molecular structure 
of metals, diffusion 
Physics Topics: Diffusion, use of radio- 
active isotopes 
Roger Phillips’ report is more than 
an account of a research project; it is 
also a very fine elaboration of the 
theory of diffusion into solids. As a 
research project, the report will serve 
to exemplify all the qualities of work- 
manship and clear thinking it takes to 
carry out an investigation. As a descrip- 
tion of the theory of diffusion into 
solids, it will serve to supplement the 
physics or chemistry textbook when 
the topic of diffusion is studied in class. 


Life Cycle of the Monarch 
Butterfly (pp. 20-21) 


Biology Topics: Life cycles, embryol- 
ogy, maturation, metamorphosis, 
specificity of insect-plant relation- 
ships, coloration and mimicry (as in 
the viceroy), migration 

About This Article 
The exquisite photographs make this 

“picture story” a treat to the eye as 
well as a stimulus to the imagination. 
Here is lesson material that offers some- 
thing for every student from the ele- 
mentary grades right through to the 
most sophisticated senior. One thing 
that should not be missed is the chance 
to teach a lesson often overlooked in 
economic entomology—the pleasure that 
we humans take in their beauty and 
sounds. 


Topics For Reports and Discussions 
1. What significance does the meta- 


morphosis function have for the insect? 

2. What other insects show com- 
plete metamorphosis, incomplete meta- 
morphosis, gradual metamorphosis? 

3. How are the wings of a butterfly 
like those of a bird? How are they 
different? 

4. In what ways does the anatomy 
of the larva resemble that of the adult? 
In what ways do they differ? What is 
the significance of this difference to 
behavior? 

5. Read the definition of an insect. 
Does a caterpillar qualify? 


Project Porpoise (p. 22) 

General Science Topics: Marine mam- 
mals, sense organs, sound, hearing, 
echoes, submarines, animal behavior 

Biology Topics: Classification of mam- 
mals, adaptations, evolution and loss 
of specific organs and sense func- 
tions, learning, animal behavior 

Physics Topics: High frequency sounds, 
acoustics, sonar devices, wave phen- 
omena, sound recording, and repro- 
duction 
Sonar navigation in animals has been 

the subject of many investigations, This 

direct and uncomplicated treatment of 
high frequency sound emission and 
echo detection among marine mam- 
mals covers. an interesting range of 
topics from physiology and anatomy 
to navigation. It also suggests that 
there is always more than meets the 
eye. Here is one more example of the 
wonderful adaptability of protoplasm 
—a discovery waiting to be made by 
the quick and inquiring mind—a mind 
which, rather than accept the obvious, 
asks why and how? 
° 
Container for Isotopes 

A new container for the storage and 
transport of radioactive isotopes has 
been introduced by Radiation Hazard 
Control Company. 

The container is made of steel so 
that it will withstand rugged use with- 
out denting. The use of steel also elim- 
inates the fire hazard encountered in 
lead containers. 

A stainless steel handle locks the top 
securely in place and may be _ pad- 
locked to prevent chance opening 
when working around untrained _per- 
sons. The clamp and lock remain in 
place even when the handle is up so 
that the container may be carried with- 
out danger of opening if dropped. 

Over-all dimensions of the container 
are seven inches high with a five-inch 
diameter. It has been tested, accord- 
ing to ICC regulations, to carry up to 
13.7 millicuries of Cobalt-60. For further 
information write Radiation Hazard 
Control Company, Fort Atkinson, Wis. 
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Science World 


Note: Letters indicate month (S-Sept., O-Oct., N-Nov., D-Dec., J-Jan., 
F-Feb., Mr-Mar., Ap-Apr., My-May). First figure indicates date of issue. 
Number after the dash refers to page number. Example: S9-8 means 
Sept. 9, page 8. An asterisk * indicates major articles, C indicates Cover, 
(N) indicates Science in the News, T indicates Teacher Edition. 


A 


Abbott, Dr. Charles G.: Father of Solar 
Power (N) O21-19. 

Acceleration: Car Crash (N) Ap6-27; 
Dropping a Penny (letter) F17-4; *Pro- 


ject: Determining Mass by Accelera- 
tion (Fred Brown) My4-21. 
Accelerators: see Atom Smashers, 
Acoustics: see Sound. : 
Adaptation: ‘*Adaptation for Survival 
(William Monk) Mrl6-10; Biological 


Spectrograph to Study Life Processes 
(N) Ap6-27; Body Temperature Control- 
led by the Brain (N) My4-17; Indians 
Adapt to Cold (N) Ap6-27. 

Adhesives: Future Autos Will Be Glued 
Together (N) Ap6-28. 

Adventures in Science Series: Our Place 
in Space (General Electric Insert) F17- 
1 


Aebersold, Dr. Paul C.: Mister Isotope 
(Biographical Sketch) Mv4-20. 

Aerodynamics: *Project: Water Channel 
for Flow Studies (Harvey Picker) Mr. 

Air: Difference Between Air and Oxygen 
(etter) Mr2-4. 

Air Cars: Cars Without Wheels (N) S23- 
18. 

Air Pollution: Car Fumes Control Asked 
(N) Mr2-19. 

Airplanes, Experimental: X-15 Test (N) 
S9-16, O7-18. 

Algae: see also Plants. Age of Lichens 
(letter) Mr2-4; *Case of the Green 
Bodies (Z. Subarsky, diagram) O7-10; 
Destroying Long Island Fishing (N) 
021-19; Economical Method for Harvest- 
ing Algae Sought by U.S. Government 


(N) N4-19; Edible Algae (N) F3-16; 
Oxygen Supplied by Algae Tested 
in Space Chamber, (N) Myl18-19; 


*Project: New Separation Process for 
Algae (Larry Dahlkvist) J13-21; *Pro- 
ject: Protein Content in Green Algae 
(James Geil) O7-21; Taste Improved 
(N) D9-19. 

Allergy: Hay Fever-One Shot Inoculation 
(N) S23-17. 

Ames, Gerald: How Did Life Begin? 
(diagrams) My18-6. 

Amphibians: Hopless Frogs (N) Mr2-17. 

Animal Behavior: Dr. Harry F. Harlow 
(Biographical Sketch) F17-38; Dr. B. 
# Skinner (Biographical Sketch) Mr 

-30. 

Animals: *Adaptation for Survival (Wil- 
liam Monk) Mrl6-10; Cardiogram of 
Whele Made (N) J13-16; Decayed Teeth 
and Tusks (letter) My18-4; Function 
of Dog’s Tail (letter) Mrl6-6; *Hiber- 
nation-When Life Stands Still (Richard 
Brandt) D9-9; “Project: Measurable 
Effects of Adrenalin on the Circula- 
tion of the Laboratory Rat (Kenneth 
V. Jackman) Ap6-31; *Report on Myxo- 
matosis (N) F17-35; Report on Space 
Monkey, Sam (N) D9-17; Space Mon- 
keys (N) S9-16; *Tracking Down the 
Migrants (Michael Blow, map), N4-10. 


MAY 18, 1960 


Antarctica: Joined to Australia Theory 
(N) N18-22; Treaty Forbids Military 
Activity (N) D9-17. 

Anthropology: Brain Size (N) D9-18; 


Mummy Found in Libyan Desert (N) 
J13-18. 

Antibiotics: see Medicine. 

Archaeology: Mayan Temple Paintings 
(N) Ap6-28; Sodom and Gomorrah 
Ruins (N) Mr16-28; *Trash That Scien- 
tists Treasure (L. S. Fonaroff) O21-9. 

Arctic: Underwater Island Found (N) 
D9-19. 

Arctic Ocean: see Oceanography. 

Artificial Satellites: Explorer VI in 
Orbit (N) diagram S9-18;' Explorer VII 
in Orbit (N) O21-18; Five-Ton Satellite 
Launched by Russia (N) My18-19; Pio- 
neer V to Test Radio Communications 
(N) diagram Mr16-25; Pioneer V Report 
(N) My18-16; Project Tiros (N) N18-22; 
Soviet Report on Magnetism and Moon 
(N) O7-17; Soviet Rocket Hits Moon 
(N )S23-15; Soviet Space Probe Around 
the Moon (N) chart 021-18; Speed Ef- 
fects Orbit (letter) J13-4; Students 
Bounce Radio Signals Off Satellites 
(N) diagram Mri6-26; Sunlight Forces 
Vanguard I off Course (N) Ap6-25; Ti- 
ros I Weather Satellite (N) map Ap20- 
18; Transit 1-B Navigation Satellite (N) 
diagram Ap20-17; Vanguard Rocket 
Satellite (N) O7-18. 

Asa-Dorian, Paul: *Project Porpoise (Bio- 
graphical Sketch) My18-22. 

Asimov, Isaac: *Elements That Are 
Smashed Into Life (diagrams) O7-12; 
*New Uses for Old Elements (graph) 
$23-9; *Our Tiniest Chemical Labora- 
tory (diagrams) S9-9. 

Aslakson, Carl I.: *How Fast Is Light? 
(Michael Dadin, diagrams) Mr16-13. 

Astronauts: see Space Flight. 

Astronomy: see also Mars, Moon, Sun, 
etc. Crater on Moon (letter) J13-4; 
Ears on the Universe-Radio Telescope 
(N) 021-16; Eclipse October 2 (N) 
$23-15; Junior ILG.Y. Member Wins 
Trip to View Eclipse S$23-20; Life on 
Other Planets (N) J13-17; Life on 
Venus (N) D9-16; Lunar Eclipse March 
12th (N) diagram Mr2-17; Moon Seis- 
mograph (N) S9-17; Plague from the 
Planets? (N) F3-16; Schmidt Report on 
Mars (N) D9-18; *Secrets of the Sun 
(Eliot Tozer, diagrams) O©O21-5: Star 
Distance Measurement (N) Ap6-25; 
Temperature of Stars (letter) N18-7; 
Sunspot Photos Made (N) S23-17; 
Weight on Jupiter (letter, chart) J13-4. 

Atmosphere: *Ions in the Sky (Eliot To- 
zer, diagrams) N18-8; Life on Venus 
(N) D9-18; *Project: Effect of Test 
Atmospheres on Plants (James Mur- 
dock) My4-23. 

Atom: Dr. Janice Button (Biographical 
Sketch) Mr2-20; Electron Shell (let- 
ter) N18-7; Forces in the Nucleus 
(etter) J13-4; Marbles Mimic Atom 
Behavior (N) J13-18. 

Atom Smashers: Dr. Janice Button (Bio- 
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graphical Sketch) 
Artillery of Science 
diagrarnas) N18-11. 

Atomic Bomb: see Atomic Tests. 

Atomic Clock: *Atomic Clocks (Michael 
Dadin, diagrams) Ap20-13; *How Fast 
Is Light? (Michael Dadin, diagrams) 
Mr16-13. 

Atomic Structure: *Atomic Clocks (Mich- 


Mr2-20; *Heavy 
(Simon Dresner, 


ael Dadin, diagrams) Ap20-13; Dr. 
Walter H Brattain (Biographical 
Sketch) Ap6-30; *High Pressure- 


Squeezing Secrets from the Elements 
(Michael Dadin, diagram) D9-12: *Se- 
crets of the Big Ice (Eliot Tozer, dia- 
gram) F17-5. 

Atomic Particles: Dr. Janice 
(Biographical Sketch) Mr2-20. 

Atomic Tests: Atomic Bomb Explosion 
Underground (N) Ap20-20; Hydromag- 
netic Waves Caused by Atomic Explo- 
sions (N) N18-21. 

Atomic Weight: New Weight for Silver 
(N) Ap6-28. 

Audio Visual Aids: *Horizons of Science 
Film Series My4-3T; New Chemistry 
Film Ap6-3T; New Films Ap20-8T. 

Automobiles: Car Crash (letter) Ap6-4; 
Car Fumes Control Asked (N) Mr2-19; 
Future Cars May Be Glued Together 
(N) Ap6-28. 

Aviation: see also Airplanes, Experiment- 
al. U-2, Jet Glider (N) My18-17. 


Button 


Bacteria: In the Mouth (letter) F3-4; 
Many Types Survive High Temperatures 
(N) Mr2-16; Moon Seismograph to Be 
Germ-Free (N) My4-16. 

Balloons: Cosmic Ray Photos Taken from 
(N) F17-34. 

Barger, Bruce: *Lightning Doesn’t Strike 
(chart) S9-6. 

Bathyscaph: see Oceanography. 

Beadle, Dr. George W.: Nobel Geneticist 
(Biographical Sketch) J13-20. 

Benjamin, Theodore: See Meeting the 
Test, What Happens and Why, Test 
It for Yourself. 

Berland, Theodore: *Wild Water Ap20-6. 

Binary Number System: see Numeration. 

Biographical Sketches: see Today's Sci- 
entists. 

Biological Clocks: *Living Clocks 
liam Monk, diagrams) Ap6-9. 
Biological Responses: *Living Clocks (Wil- 
liam Monk, diagrams) Ap6-9. 
Biology: see also Specific Topics. 
Culture Medium (N) S19-19. 
Birds: Colored Swans-Mizration Check 
(N) My4-19: ‘*Project- Waterproof 
Plumage of Birds (Josh Wallman) Ap- 
20-23; Rocket Sled Track Bothered by 
Birds (N) N4-19; Russians Study Os- 
triches (N) F3-19; *Tracking Down the 
Migrants (Michael Blow, map) N4-10; 
War with Gooney Birds (N) My4-18; 

Wise Old Owl? (N) N4-19. 

Bleifeld, Maurice: *Case of the Foolish 
Seedlings My4-9. 

Blood: Anti-coagulant (club project) 
D9-28; Freeze-Dry Red Blood Cells (N) 
021-17; Whole Blood Quick Freeze (N) 
N4-17. 

Books: Adventures in the World of Sci- 
ence (C. G. Abbot) N18-31; Hidden 
America (Robbins & Jones) O21-30; 
Living Insects of the World (Klots & 
Klots) N18-31; 90 South (Paul Siple) 
N4-30; People and Places (Margaret 
Mead) J13-31; Rocket Manual for Ama- 
teurs (Capt. B. R. Brinley) Mr16-37; 
Sky Observer's Guide (Mayall & May- 
all) O21-30; Space, Spiders & Speci- 
mens (Richard J. Hurley) O7-3T; Stars 
in the Making (C. Payne-Gaaposch- 
kin) J13-31; Understanding Chemistry 
(Lawrence Lessing) N4-30; Unity of the 
Universe (D. W. Sciama) N4-30; Women 
of Modern Science (Edna Yost) J13-31. 

Bradley, James: *How Fast Is Light? 
(Michael Dadin, diagrams) Mrl16-13. 

Braille System: Davis Milne Builds 
Electronic Typewriter (Project) S23- 
20. 

Brain: Body Temperature Controlled by 


(Wil- 


New 
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(N) My4-17; Emotions and the Brain 
(etter) S9-5. 

Brainteasers: N4-31, D9-30, J13-26, F3-25, 
F 17-44, Mr2-28, Mr16-35, Ap6-35, Ap20- 
21, My4-25, My18-28. 

Brandt, Richard: *Cell Differentiation 
(diagrams) F17-10; *Embryology-Life 
Before Birth (diagrams) F3-4; *Hiber- 
nation-When Life Stands Still D9-9; 
*Immunity-Shield Against Disease (di- 
agrams) J13-12; *Nerves-The Links of 
Learning (diagrams) N18-16; *Nutri- 
tion-Stanch Ally of Medicine (charts) 
021-13. 

Brattain, Dr. Walter H.: Tracking Down 
the Transistor (Biographical Sketch) 
Ap6-30. 

Butternuts: *Project: Practical Uses of 
(Andrew Horton) O7-24. 


Button, Dr. Janice: Atomic Explorer 
(Biographical Sketch) Mr2-20. 

Cc 
Californium: Synthetic Element (N) 
Ap6-26. 


Cancer: see Medicine. 

Carbon Cycle: *Balance of Life (William 
Monk, diagrams) Ap20-10. 

Carbon Dating: see Radiocarbon Dating. 

Cardiogram: of Whale Made (N) J13-16. 

Cell Differentiation: *Blueprint of a 
Problem (Richard Brandt, diagrams) 
F17-10. 

Cells: *Our Tiniest Chemical Laboratory 
(Isaac Asimov, diagrams), S9-9. 

Census U.S.: *Countdown-Coast to Coast 
(Remington Rand Insert) Mr16-17. 

Cepheid Variables: Star Distance Meas- 
urement (N) Ap6-25. 

Chemistry: see also Specific Topics. *Cor- 
rosion (Michael Dadin, diagram) F3-12; 
Dr. Heyrovsky Wins Nobel Prize (N) 
N4-18; Fuel Cell for Racing Car (N) 
My18-19; *How Old Is It? (Eliot Tozer) 
F3-9; *Laboratory Under Your Feet 
(Eliot Tozer, diagrams) My4-5; Muscle 

... Engine (N) J13-19. 

Chrysamoeba: *At the Edge of Life (dia- 
gram) S23-6; Cover Drawing S23-C. 
Chromatography: John Dreese Explains 
Paper Chromatography (project) S23- 
21; New Growth Substances (N) S19- 

18. 

Chromosomes: Autoradiography (N) F3- 
19; Chromosomes Mr2-C; *Genetics, 
Genes, and Mutations (William Monk, 
diagram) Mr2-9. 

Cienega Creek: *Trash That Scientists 
Treasure (L. S. Fonaroff) 021-9. 

Clouds: see Meteorology. 

Color: Do Insects See? (etter) F17-4. 

Computers: *Countdown-Coast to Coast 


(Remington Rand Insert) Mrl6-17; 
*Machines That Listen (Michael Dadin, 
diagram) Mr2-12; Winter Olympics 


Scored by (N) diagram F3-18. 

Conservation of Energy: Sounds from the 
Past (letter) My4-4; *Wild Water 
(Theodore Berland) Ap20-6. 

Contests: National Science Fair, S9-26; 
National Science Fair Award Winners 
(N) My18-18; Science Achievement 
Awards S9-26; Jerome Spitzner Wins 
lst Place in Westinghouse Science 
Talent Search (N) Mr16-26. 

Continental Drift: *Building Mountains 
«Ben Patrusky, diagrams) Ap6-5; The- 
ory of (letter, map) Mrl16-6. 

Contraction Theory: “Building Mountains 
(Ben Patrusky, diagrams) Ap6-5. 

Convection Theory: *Building Mountains 
(Ben Pairusky, diagram) Ap6-5 


Coriolis Force: *Restless Ocean (Eliot 
Tozer, diagrams) Mr2-5. 
Corrosion: *Corrosion (Michael Dadin, 


diagram) F3-12. 

Cosmic Rays: Origin in Space Explained 
(N) My4-18; Photos Taken from Balloon 
(N) F17-34; Pioneer V Report (N) My 
18-16. 

Covers: Chromosomes Mr2-C; Chrysa- 
moeba S23-C; CO Air and Water Ap20- 
C; Elements O7-C; Embryology F3-C; 
Glaciers F17-C; Hawaiian Volcano J13- 
C; Ions in the Sky N18-6; Light Mr16-C; 
Lightning S29-C; Living Clocks Ap6-C; 
Red Blood Cells N4-C; Snow Crystals 


D9-C; Solar Eclipse 021-C; Soil My4-C. 

Crossword Puzzles: Animal Kingdom 
(Robert Swiatek) Ap20-30; Crucibles to 
Crosswords (Francine Landry) O7-30; 
Down to Earth (Helen Hibbard) My4- 
30; Earth Science (Kenneth Trufant) 
D9-28; Exploring the Elements (Nor- 
man Masse) F17-46; Famous Scientists 
(Doris & Elaine Butler) S23-30; Famous 
Scientists and Inventors (C. Bishoff) 
F3-31; From Alpha to Omega (Leopoldo 
Sapien) My18-31; Living It Up and Down 
(Anthony Saffarano) 021-31; Matter and 
Motion (James Blachowicz) N4-30; 
Molecules in Motion (Mark L. Berch) 
Mr2-30; Out of This World (Charles 
Johnson) S9-31; Plant and Animal Life 
(Jack Bloom) J13-30; Plants and Ani- 
mals (Donna Sobczak) Ap6-39; Through 
the Telescope (Richard Mullins) Mr16- 
39; Who’s Who in Science (Mary Ruth 
Burress) N18-29. 

Cryogenics: see Low Temperature Re- 
search, 

Crystals: see Crystallography, Snow. 

Curiosity Catchers: Burned Grass 021-25; 
Cellular Structure of Wood S9-29; Did 
Lightning Strike Tree? S23-19; Iron 
Rusts More When Bent or Twisted O7- 
25; Streams Erode the Outside of a 
Curve More Than the Inside O7-25; 
Thinker (statue) S23-19; Water Striders 
021-25; Why Does the Ball Lose Height 
with Each Bounce? S9-29, N4-20. 

Cyclotron: see Atom Smashers. 

Crystallography: see also Snow. *Project: 
Crystals (James Birk) F17-39:; *Project: 
Secondary Time Source (William Mc- 
Ginnis) F17-41. 


Dadin, Michael: *Atomic Clocks (dia- 
grams) Ap20-13; *Corrosion (diagram) 
F3-12; *High Pressure-Squeezing Se- 
crets from the Elements (diagram) D9- 
12; *Machines That Listen (diagram) 
ng *Mightiest Magnet (diagrams) 

17-13. 

Diamonds: Black Diamond Given to 
Smithsonian Institution (N) Ap6-28; 
“High Pressure-Squeezing Secrets from 
the Elements (Michael Dadin, diagram) 
D9-12; Man-Made Formula (N) N18-20. 

Diet: see Nutrition. 

Dogs: see also Animals. Function of Tail 
(etter) Mr16-6. 

Dincsaur: see Fossils. 

Doppler Effect: *Atomic Clocks (Michael 
Dadin, diagrams) Ap20-13. 

Dresner, Simon: *Atom Smashers: The 
Heavy Artillery of Science (diagrams) 
N18-11; *Bottling the Sun (diagrams) 
J13-7; *Cold World of Cryogenics 
(chart) N4-13; *Hot Waste... Problem 
of the Atomic Age (diagrams) My18-13; 
*Light Twisters (diagrams) Ap6-13; 
*Puzzle of the Primes (chart) Ap20-27. 

Drosophila: *Project: Study of a Gene 
Mutation Causing White Eye in Droso- 
phila (Vance Strausberg) Mr16-31 


Earth: see also Geology. *Building Moun- 
tains (Ben Patrusky, diagrams) Ap6-5; 


Drilling to Moho (N) charts S9-17; 
*Mightiest Magnet (Michael Dadin, 
diagrams) F17-13; Report on Mantle 


(N) F3-17; What Makes Earth Turn 
(letter) S23-5. 

Earth Satellite: see Artificial Satellites, 

Earth Science: see Specific Topics. 

Earthquakes: Moroccan Quake (N) Mrl16- 
27; *Mountains in Motion (charts) S23- 
14; *Project: Seismology (Diana Wood- 
ington) Mr16-32. 

Earthworm: *Project: Light Sensitivities 
of (Nancy Sahnd) S9-21. 

Eclipses: Junior I.G.Y. Astronomer Wins 
Trip S23-20; Lunar Eclipse March 12th 
(N) diagram Mr2-17; *Secrets of the 
Sun (Eliot Tozer, diagrams) O21-5; 
Solar Eclipse October 2nd (N) S23-15. 

Ecology: *Adaptation for Survival (Wil- 
liam Monk) Mr16-10; *Balance of Life 
(William Monk, diagrams) Ap20-10; 


Carp-Killing Poison Sought (N) F17-36; 
*Project: Waste Materials from Paper- 
Making as Fertilizer (Ronald Yonke) 

25; Report on Myomatosis (N) 


Education: see also Audio Visual Aids, 
AETS Affiliates with NSTA N4-2T; 
American Museum of Natural History 
to Conduct Summer Institute F17-6T; 
Atomic Energy Lab Guide My4-6T; Bi- 
ology Course on Filrn Mr2-4T; Conserva- 
tion Education Association Conference 
My4-6T; K-12 Program F17-5T; Ladson, 
New NSTA Youth Directcr F17-6T; Ma- 
terials from IGY Ap20-10T; More Help 
for Physics Teachers Mr2-3T; NSTA- 
AAAS Meets N18-2T; NSTA Conven- 
tion J13-4T; *NSTA Convention Report 
Ap20-4T; NSTA Elections-1960 My4-5T; 
NSTA Meetings at NEA Convention 
Ap20-11T; NSTA Program Schedule 
F17-4T; New Chemistry Film Ap6-3T; 
New Films Ap20-6T: Science Achieve- 
ment Awards My4-5T; Science Fairs 
Breaking Records My4-6T; Science Ma- 
terials Center Catalogue My4-5T:; Sum- 
mer Institutes for Elementary Science 
Teachers Mr2-4T; Thomas Alva Edison 
Foundation Institute Meeting (report) 
N18-2T; *Useful Solutions and Culture 
Media My4-7T; University of Michigan 
Awards for Graduate Study F17-6T; 
White House Conference on Children 
& Youth F17-6T. 

Electric Eels: How Eels Generate Current 
(letter) S9-5, N18-7. 

Electricity: see also Tide Power. *Cor- 
rosion (Michael Dadin, diagram) F3-12; 
Current Flowing in a Wire (letter) 
Ap20-5; Fuel Cell for Racing Car (N) 
My18-19: Power from Ocean Tides (let- 
ter) O21-4; Power from Rocket's Ex- 
haust (N) N18-20; Thermoelectric Con- 
verter (N) Mr16-27. 

Electrochemistry: *Corrosion (Michael 
Dadin, diagram) F3-12. 

Electrons:’ Dr. Walter H. Brattain (Bio- 
graphical Sketch) Ap6-30. 

Elements: Californium and Other Syn- 
thetics (N) Ap6-26; Difference Between 
Air and Oxygen (letter) Mr2-4; *Ele- 
ments That Are Smashed Into Life 
(Isaac Asimov, diagrams) O7-12; *High 


Pressure-Squeezing Secrets from the 
Elements (Michael Dadin, diagrams) 
D9-12; Man-Made Elements (letter) 


N18-7; Man Who Made Elements (Glenn 
T. Seaborg) O2-19; *New Uses for Old 
Elements (Isaac Asimov, graph) S23-9. 
Electromotive Series: Table F3-13. 
Embryology: *Ce!! Differentiation (Rich- 
ard Brandt, diagram) F17-10; Embryo 
of a Twin (letter) Mr2-4; *Life Before 
Birth (Richard Brandt, diagram) F3-5. 
Encephalitis: see Sleeping Sickness. 
Energy: Matter and Energy Interchange- 
able (letter) F3-4, Mr2-4. 

Enzymes: *Project: Isolation of the En- 
zyme Sucrase (David Lloyd) N18-25. 
Ewing, Dr. Maurice: Awarded Vetlesen 

Prize (N) Mr2-19. 
Evolution: Sea Apes (N) Mr16-28. 
Exobiology: Plague from the Planets (N) 
F3-16. 


Fertilizer: *Project: Waste Materials from 


Paper-Making as Fertilizer (Ronald 
Yonke) Ap20-25. 
Fiber Optics: *Light Twisters (Simon 


Dresner, diagrams) Ap6-13. 

Fire Ants: see also Insects. Report On 
(N) Ap20-19. 

Fish: see also Marine Life. Algae Destroy- 
ing Fishing in Long Island (N) O21-19; 
Carp-Killing Poison Sought (N) F17-36; 
Porpoise Aids Naval Architects (N) 
diagram F3-17; *Project: Experiment in 
Spawning of Tropical Fish (David de 
Holl) N4-23; Sharks Shipped in Plastic 
Bags by Plane (N) Mr2-18; Dr. Evelyn 
Shaw (Biographical Sketch) F3-20; 
Stonefish (N) My4-19. 

Fizeau, Hyppolyte-Louis: *How Fast Is 
Light? (Michael Dadin, diagrams) 
Mr16-13. 
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Floods: see also Water. *Wild Water 
(Theodore Berland) Ap20-6. 

Flowers: see also Plants. Cause of Color 
(letter) Ap20-5. 

Fonaroff, L. Schuyler: *Trash That Scien- 
tists Treasure O21-9. 

Food: *Nutrition-Stanch Ally of Medicine 
(Richard Brandt, charts) O21-13. 

Food Web: *Balance of Life (William 
Monk, diagrams) Ap20-10. 

Fossils: Ancient Skull Found in Tangan- 
yika (N) O7-19; Dinosaur Bones Found 
by Students (N) N4-19; Imprint of Bird 
(N) N18-21; *Project: Recovery of 
Fossil Insects — Matrix (Michael 
Brown) My18-2: 

Freezing: Does Hot Water Freeze Faster? 
(letter) My4-4. 

Frogs: Hopless Breed (N) Mr2-17. 

Fungi: Age of Lichens (letter) Mr2-4. 


G 


General Science: see Specific Topic. 

Genetics: Dr. George W. Beadle (Bio- 
graphical Sketch) J13-20; *Genetics, 
Genes, and Mutations (William Monk, 
diagram) Mr2-9; *Project: Study of a 
Gene Mutation Causing White Eye in 
Drosophila (Vance Strausberg) Mr16- 
31. 


Geology: see also Earth. *Building Moun- 
tains (Ben Patrusky, diagrams) Ap6-5; 
Continental Drift (letter, map) Mr16-6. 

Gibberellins: *Case of the Foolish Seed- 
lings (Maurice Bleifeld) My4-9. 

Gieseking, Hal: *Nature’s Volcano Lab- 
oratory (diagrams) J13-5. 

Glaciers: Declining (N) Mr2-17; Icebergs, 
Fresh or Salty (letter) F3-4; *Secrets of 
the Big Ice (Eliot Tozer, diagram) F17-4. 

Glands: What Does Thymus Do (letter) 
O7-4. 

Goose Pimples: Cause (letter) My4-4. 

Gravity: *Atomic Clocks (Michael Dadin, 
diagrams) Ap20-13; Weightlessness Ex- 
periment (N) F17-33. 

Gudemann, Frances (Biographical 
Sketches): Harlow, Dr. Harry F. F17-38; 
Malkus, Dr. Joanne Ap20-22; Shaw, Dr. 
_ F3-20; Skinner, Dr. B. F. Mr16- 
30. 


Guided Missiles: see also Rockets. Ballistic 
Missile Guidance System Tested (N) 
021-18; *Catch a Falling Star (Eliot 
Tozer) N4-7. 

Gulf Stream: see Ocean Currents, 


H 


Harbors: Radioactive Gold to Trace Sedi- 
ment in San Francisco’s Harbor (N) 
$23-18. 

Harlow, Dr. Harry F.: Exploring Behavior 
(Biographical Sketch) F17-38. 

Hawaii: Making Offerings to Goddess 
Pele (N) Ap20-20; *Nature’s Volcano 
Laboratory (Hal Gieseking, diagrams) 
J13-5; Volcano Erupts (N) N18-22 

Heat: see High Temperature Research. 

Heat Conduction: Does Hot Water Freeze 
Faster? (letter) My4-4; In Solids (let- 


ter) My4-4. 

Heredity: Heartbeat Used in Study (N) 
N18-23. 

Hibernation: *When Life Stands Still 


(Richard Brandt) D9-9. 
Hiccups: Cause (letter) 021-4. 
High Pressure: *Squeezing Secrets from 
= Elements (Michael Dadin, diagram) 


High Temperature Research: *Bottling 

a Sun (Simon Dresner, diagrams) 
-7. 

Hurricanes: *Killer Wind (Eliot Tozer, 

charts) O7-6. 

Hydrofoils: Flying DUKW Tested (N) 


Hydrogen: Escapes from Earth (N) F2-18. 
Hydrogen Fusion: see High Temperature 
Research. 


Icebergs: Fresh or Salty (letter) F3-4; 
Season Opens (N) Mr16-27. 
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Immunity: *Shield Against Disease (Rich- 
ard Brandt, diagram) J13-13. 

Index of Refraction: *Project: Controlled 
Scattering of Light (Arthur N. Fan- 
kuchen) Ap6-33. 

Indians: Adapt to Cold (N) Ap6-27. 

Infrared Rays: Photo of Manhattan Island 
(N) Mr2-16. 

Insects: Bees as Killers (N) O7-18; Bees 
in a Box (letter) Mrl6-6: Insect 
Poison Found (N) D9-19; Color Vision 
(etter) F17-4; Eastern Equine Ence- 
phalitis (N) 021-19; Function of Res- 
piratory Tube in Water Scorpion (let- 
ter) 021-4; *Monarch Butterfly My18-20; 
Mosquito and Pupal Case (N) J13-19; 
*Project: Insect Phototropism (Ann 
Mayer) 021-23; Report on Fire Ant (N) 
Ap20-19; Sleeping Sickness in Nigeria 
(N) Mr2-18; Tsetse Fly Research (dia- 
gram) S23-7. 

Insulin: Molecule Juggler (Dr. Frederick 
Sanger) O7-20. 

International Geophysical Cooperation- 
1959 (IGC-59): *Ions in the Sky (Eliot 
Tozer, diagrams) N18-8. 

International Geophysical Year (IGY): 
Arctic Ocean Barren (N) 021-19; Text- 
— and Curriculum Materials Ap20- 


Inventions: Award Offered by NASA (N) 
N4-19; Needed-Projects for Uncle Sam 
N18-28. 

Ions: Air Ions and Health (N) My4-18. 

Irrigation: Salt Water Used in Israel (N) 
$23-16. 

Isotopes: see also Radio Isotopes, Radio- 
activity. Mister Isotope (Dr. Paul C 
Aebersold) My4-20. 


J 


Jet Stream: Explanation (letter) Ap6-4. 
Jupiter: Your Weight on (letter, chart) 
J 


Kafig, Emanuel: Frozen Blood Cells (N) 
021-17. 

Klein, Perry I.: Bounces Radio Signals Off 
Satellites (N) diagram Mr16-26. 

Kornberg, Dr. Arthur: Nobel Prize Win- 

ner in Medicine (Biographical Sketch) 


L 


Land, Barbara (Biographical Sketches): 
Aebersold, Dr. Paul C. My4-20; Button, 
Dr. Janice Mr2-20. 

Lauretta, Sister Mary: Interview Mr16-4T. 

Lederberg, Dr. Joshua: Problems in Exo- 
biology (N) F3-16. 

Left-Handedness: Righty or Lefty (letter) 
F17-4. 

Ley, Willy: ‘*Project Saturn S$23-12; 
*Travel by Rocket (diagrams) My18-10. 

Lichens: Age of (letter) Mr2-4. 


Light: *How Fast Is Light? (Michael 
Dadin, diagrams) Mrl6-13; *Light 
Twisters (Simon Dresner, diagrams) 


Ap6-13; New International Meter Stand- 
ard (N) Ap6-27; *Project: Controlled 
Scattering of Light (Arthur N. Fan- 
kuchen ), Ap6-33; Traveling Faster Than 
the Speed of Light (letter) My18-4. 

Light, Meredith Joan: I Was a Teen-Age 
Electron (student writing) S23-28. 

Lightning: ‘*Lightning Doesn’t Strike 
(Bruce Barger, chart) S9-6. 

Low Temperature Research: *Cold World 
of Cryogenics (Simon Dresner, chart) 
N4-13. 


M 


Magnetic Domains: *Our Tiniest Magnets 
(Simon Dresner, diagrams) My4-12. 
Magnetism: Hydromagnetic Waves Caused 
by Atomic Explosions (N) N18-21; 
*Mightiest Magnet (Michael Dadin, dia- 
grams) F17-13; *Our Tiniest Magnets 
(Simon Dresner, diagrams) My4-12; 
Pioneer V Report (N) My18-16; Soviet 

Report on Moon (N) O7-17. 
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Magnetometers: *Mightiest Magnet (Mich- 
ael Dadin, diagrams) F17-13. 

Malkus, Dr. Joanne: Cloud a (Bio- 
graphical Sketch) Ap26-22. 

Manometer: *Project: Measurable Effects 
of Adrenalin on the Circulation of the 
Laboratory Rat (Kenneth V. Jackman) 
Ap6-31. 

Marine Life: see also Fish. Antibiotics 
Isolated from Sponges (N) Ap20-18; 
Will Glass Sponge Cut? (letter) F17-4. 

Mars: No Icecaps on Ap6-8: Professor 
Schmidt Report on (N) D9-18; Space 
Probe Planned (N) chart My4-17. 

Mass: Bees in a Box (letter) Mrl6-6, 
*Project: Determining Mass by Acceler- 
ation (Fred Brown) My4-21. 

Mathematics: see also Numeration. Pico, 
Nano, Tera (N) J13-17; *Puzzle of the 
Primes (Simon Dresner, chart) Ap20-27. 

Matter: Energy and Matter Interchange- 
able (letter) F3-4, Mr2-4; What Is Mat- 
ter? (letter) My18-4. 

Measurement: History of the Meter (let- 
ter) F3-4; *How Long Is a Micromicro- 
second? (Robert Toth) S9-12; New In- 
ternational Standard Will Be Based on 
a Wave Length of Light (N) Ap6-27; 
Pico, Nana, Tera (N) J13-17. 

Medicine: Antibiotic Products of Sponges 
(N) Ap20-18; Antibodies (N) F17-35; 
Balloons to Help Diagnose Stomach 
Cancer (N) My18-19; Cancer Research 
(N) S9-19; Dr. Ochoa and Dr. Kornberg 
Win Nobel Prize in Medicine (N) N4- 
21; Electric Current Kills Cancer (N) 
$23-17; *Immunity-Shield Against Dis- 
ease (Richard Brandt, diagram) J13-13; 
Live Polio Shots (N) S9-19; Man Against 
Microbes (Selman A. Waksman) D9-20; 
New Ringworm Drug (N) O7-19; New 
Surgeon's Mask (N) N18-23; Oral Polio 
Vaccine Tested (N) Mr2-16; Photo Made 
of Polio Virus Inside Human Cell (N) 
J13-16; Salk Vaccine Report (N) My4- 
17; Surgical Stapler (N) N18-23; Syn- 
cillin (N) N18-23; *Tsetse Fly Research 
$23-7. 

Meeting the Test (Theodore Benjamin): 
Comprehending Scientific Reading F3- 
26: Do You Think Like a Scientist? 
My4-26; Getting the Most Out of Scien- 
tific Reading Mr2-25; Interpretation of 
Data in Graphs J13-25; Interpreting Re- 
lationships in Graphs D9-26; Recent De- 
velopments S9-28; Scientific Notation 
O7-28: Using the Big Ideas of Science 
021-26; What Is Your Science Achieve- 
ment Score? N4-28. 

Meister, Dr. Morris: Starting a Science 
Club S23-1T; What Kind of Science 
Notebook Mr16-2T. 

Meryman, Dr. Harold T.: Frozen Blood 
Cells (N) 021-17. 

Metals: *Elements That Are Smashed Into 
Life (Isaac Asimov, diagrams) O7-12; 
*High Pressure-Squeezing Secrets from 
the Elements (Michael Dadin, diagram) 


D9-12; *New Uses for Old Elements 
(Isaac Asimov, graph) $23-9; *Project: 
Metal Whiskers Their Growth 


(Michael Nolan) S9-23. 

Meter: see Measurement. 

Meteorology: Cloud Explorer (Dr. Joanne 
Malkus) Ap20-22; *Killer Wind (Eliot 
Tozer, charts) O7-6; Jet Stream (letter) 
Ap6-4; *Lightning Doesn't Strike (Bruce 
Barger, chart) S9-6; Space Station (N) 
N18-22; Tiros I Weather Satellite (N) 
map Ap20-18. 

Michelson, Albert: *How Fast Is Light? 
(Michael Dadin, diagrams) Mr16-13. 
Microrganisms: Feed on Jet Fuel (N) 

Ap20-19. 

Microwaves: see also Radio. Moon Relay 
(N) F17-34. 

Migration: (Birds and Animals): Colored 
Swans (N) My4-19; Do You Think Like 
a Scientist? (Theodore Benjamin) My4- 
26; *Living Clocks (William Monk, dia- 
grams) Ap6-9; *Tracking Down the 
Migrants (Michael Blow, map) N4-10. 

Minerals: *Elements That Are Smashed 
Into Life (Isaac Asimov, diagrams) O7- 
12; *High Pressure-Squeezing Secrets 
from the Elements (Michael Dadin, dia- 
gram) D9-12; *New Uses for Old Ele- 
ments (Isaac Asimov, graph) S23-9. 
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Beginning in September, your 
students will have the opportunity 
to choose outstanding science books, 
in appealing paperbound editions 
—through the new SCIENCE 
WORLD BOOK CLUB! 

An exclusive service with next 
years ScrENCE Wor tp, the new 
Club will be sponsored by Scholastic 
Magazines — publisher of ScreNcE 
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ANNOUNCED! 








Wor p and sponsor of the popular 
Arrow, Teen Age and Campus Book 
Clubs. 

SCIENCE WORLD BOOK 
CLUB will offer six new lists of 
titles during the school year—includ- 
ing science history; biography; fron- 
tiers of basic research; technology, 
inventions and discoveries; philos- 
ophy of science; mathematics; brain 


teasers; science-oriented fiction. 

The books will range from easy 
but absorbing titles, for the junior 
high student, to more advanced 
works to challenge the gifted high 
school senior. SclIENCE WorLp 
Teacher Edition will indicate levels 
of difficulty of all book titles. 

Covering all major fields of sci- 
ence, the books will be selected by 
a committee of prominent science 
educators, to stimulate student in- 
terest, and up-date the curriculum 
in general science, biology, chemis- 
try, physics, and the earth sciences. 

The books will be moderately 
priced — including many titles now 
available only in expensive hard- 
cover editions. And there will be 
free dividend books for the science 
classroom library! 





TWO EDITIONS OF SCIENCE WORLD NEXT YEAR 


Also beginning next fall, science teachers will be able to choose 
from two separate editions of Science Wor tp: Edition I, for 


general science classes . . . 


Edition II, for classes in biology, 


chemistry, physics and the earth sciences. Both editions will 
feature the new SCIENCE WORLD BOOK CLUB. 





Send in your Tentative Renewal now for SCIENCE Wor vp! 
You may revise in September, after receiving first 
copies. Youll be billed only for your final order. 


Mail the reply card today to . 


WORLD 


New York 36, N.Y. 
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This 
is the 


COMET... 


The Comet . . . the smaller-size car that accents fine car styling 


newest and luxury, yet is priced squarely with other American compacts. 
The smaller-size car for those who demand only the finest quality 


mem ber in everything they possess. 
On the outside, Comet is two feet shorter than conventional 


of the cars—designed to win praise in the busiest traffic and every time 
you park. Its 114-inch wheelbase is just right in relation to over-all 








length, affording a secure, solid feel on the roughest of roads. 


Ford Family On the inside, Comet keeps its low price a beautiful secret— 


with interiors that are de luxe in every detail. Six full-size pas- 


of Fine Cars sengers share roominess that’s a practical match for even the 


biggest of cars. And there is over 26 cubic feet of luggage space. 

Comet is a truly thrifty performer. Its front-mounted Thrift- 
Power 6 yields up to 28 miles to the gallon. Since there are 122 
fewer parts than in standard car engines, repairs and mainten- 
ance costs are cut to a minimum. 


Options include Fashion Group trim with wall-to-wall carpet- 
ing, and Comet Drive automatic transmission. 

The new Comet by Lincoln-Mercury is available in a choice of 
four models—either 2-door or 4-door station wagons and sedans. 





THE FORD FAMILY OF FINE CARS 


Ford *« Falcon * Thunderbird * Comet * Mercury « Lincoln * Lincoln Continental 
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Published in the interest of mathematics 
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These simple signs express a powerful idea 


When you first wrote 2 + 2 = 4, you were learning 
to use symbols that took men thousands of years 
to invent. Equations were all written out in words 
until a German teacher, Heinrich Schreyber, 
used + and — in an algebra book about 1520. A 
century later the X sign crept into arithmetic. 

No longer considered just convenient abbrevia- 
tions, humble + and — have risen to profound 
new meanings in mathematics. More important 
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than the signs themselves is the underlying idea 
that symbols can define operations between num- 
bers. This idea has led to the powerful mathemati- 
cal notation used today in such fields as atomic 
physics, economics and electronics. 

You never know in mathematics how valuable 
your contribution may prove to science and to 
mankind. This is the very stimulus that attracts 
today’s young people to a mathematics career. 


IBM. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 











What Is Matter? 
Dear Editor: 

In this modern day, it is more or less 
common knowledge that all matter is 
made from the elements. Elements are 
made of atoms composed of electrons, 
protons, and neutrons. I would like to 
know what kinds of matter the sub- 
atomic particles are made from. 

Daniel Dawes 
Oxnard, California 


Answer: Matter is described as any- 
thing that has mass and occupies space. 
This definition tells us how matter can 
be recognized, but not what it is. When 
matter is broken down chemically, all 
materials can be reduced to funda- 
mental substances—the elements—each 
represented by an atom of character- 
istic structure. By physical means the 
atoms have been found to be made of 
electrons, protons, and neutrons—which 
are stable—and a number of other par- 
ticles of very short duration. But wheth- 
er these subatomic particles come from 
a hydrogen atom or a uranium atom, 
they are identical. One electron is ex- 
actly like another. So it is with protons 
and neutrons. 

Einstein, seeking to describe the uni- 
verse in a set of related definitions, pro- 
posed the hypothesis that mass can be 
transformed into energy and vice versa, 
E = mc’. The discovery of atomic fis- 
sion (and, later, fusion) verified the 
hypothesis. 

Determinations of atomic mass show 
actual mass to be less than the sum of 
the individual parts. Theory holds that 
when the atoms were formed some of 
the mass was converted to energy to 
bind the parts of the atom together. 
It is this binding energy that is released 
in the fission and fusion processes. 

Atomic physicists have also found 
that by accelerating electrons until their 
velocity approaches the speed of light, 
they gain in mass. Apparently large 
amounts of energy can be transformed 
to small amounts of mass. This is indi- 
cated by the mass-energy formula 
m= B/e’. 

The subatomic particles exist at the 
borderline between mass and energy. 
In fact, they can be described as either 
mass or energy. For example, if we con- 
sider the electron as energy it can be 
described as the fundamental unit of 
negative electricity with a charge of 
4.803 10°!" e.s.u. (electrostatic units). 


etters 


Or, considering it to be the smallest 
stable particle of matter, its mass is 
given as 9.1066 & 10°°8 gm. 

The best answer to your question, at 
the present time, is that the entire uni- 
verse can be scientifically described in 
terms of mass and energy which seem 
to be different aspects of the same 
thing. The subatomic particles are as- 
sumed to be the dividing line between 
mass and energy. 


Faster Than Sound 
Dear Editor: 
If a person were traveling faster than 
sound could he hear himself talk? 
Dixie McBride 
Midvale, New Jersey 


Answer: Yes, he could hear himself 
talk. There are two ways in which the 
sounds of speech reach our ears, One 
way is for the sound waves to be trans- 
mitted through the air around us. But 
at speeds faster than sound, sound 
waves originating at the lips would be 
left behind before they could travel 
from the mouth to the external ear. 

However, if you stop your ears tight- 
ly and make sounds with your mouth 
closed you will find that you can hear 
vourself, although faintly. The reason 
is that some of the sound is conducted 








Science World graphie 
Tooth enamel is composed of many sepa- 
rate prisms extending from surface to the 
dentine. Tightly joined prisms of normal 
enamel do not let decay organisms pene- 
trate. Before decay occurs, some injury to 
the enamel permits the bacteria to enter. 


to the ear through the eustachian tubes 
that connect the back of the throat with 
the middle ear. The air inside the 
speaker’s mouth would of course be 
traveling at the same rate as the speak- 
er and he would be able to hear him- 
self talk. 

It is also possible that bone conduc- 
tion would carry some sound to the 
middle and inner ear. You can demon- 
strate bone conduction by placing a 
vibrating tuning fork on the bone area 
(mastoid process) behind the ear, The 
tuning fork will cause vibrations of the 
bone. 


Tusk Ache? 
Dear Editor: 

Do animals ever have decayed teeth? 
Do elephants ever have decayed tusks? 
William Stay 
Royal Oak, Michigan 


Answer: Yes, animals do have de- 
cayed teeth. Decay is known to occur 
in many dontestic animals. Horses and 
cattle seem to have the most difficulty. 

Like us, when they have toothaches, 
they don’t feel like eating. 

The fact that animals have decay, 
or dental caries, makes them useful in 
research to determine the cause of 
dental caries and methods of control- 
ling this common and troublesome dis- 
ease, 

Although no one is quite sure of all 
the factors involved, decay is apparent- 
ly associated with bacteria growing on 
or near the enamel of teeth. Food and 
chemical conditions in the mouth seem 
to have much to do with decay. 

Animals raised under absolutely bac- 
teria free conditions do not have caries. 
In other experiments, rats have been 
fed by tube so that food bypassed their 
mouth. They didn’t have decay, while 
control rats did. Recently, scientists 
have attempted to develop a vaccine 
to immunize rabbits against dental car- 
ies. The results of the first series of ex- 
periments to produce antibodies, while 
not entirely successful, have encouraged 
the scientists to continue. 

Elephants break their tusks and dam- 
age them in many ways. But an auth- 
oritvy on elephants at the New York 
Zoological Society reports that he knows 
of no record of actual decay, It’s a 
good thing for the elephants. The very 
thought of a tusk ache makes one shud- 
der. 
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Science in Quotes 


In the hints of geologic past history ...we may 
guess at something of the future. We see that the 
same forces of destruction and rebirth that have 
resulted in the scenery of today are at work cre- 
ating that of tomorrow. ... Thus the landscape 
which we see today is but a momentary scene in 
the stretch of geologic time. As the world of the 
past evolved into that of the present, so the world 
of today, which carries its trace of past history, 
changes bit by bit into that of tomorrow. The only 


constant factor in nature is change. 
—Joun A. SHIMER 


This Sculptured Earth 








Scientists find-it fascinating to theorize about how life might have begun, but a theory is 


not a set of answers ... it is only a challenge 


By GERALD AMES 


OW did life arise on the Earth? 
At one time this question—per- 
haps the oldest that has puzzled man 
—did not appear very complicated. 
Worms were believed to spring from 
mud, and some theorists supposed 
that the first living things might have 
originated just as simply from life- 
less matter. The notion collapsed 
when scientific observation revealed 
that “all life comes from life.” 
Scientists estimate that some two 
thousand million years have passed 
since life began, and time seems to 
have removed any fossil traces of 
the event. Yet this lack of observable 
evidence does not stop our question- 
ing, and the questioning need not be 


in vain. Scientists find it worth while 
to theorize about the origin of life, 
provided speculation is based on a 
substantial body of fact. After all, 
a theory is not a set of answers; it is 
a challenge calling for further in- 
vestigation and experiment, which 
should uncover new facts and lead 
to an improved theory. 

The fossil record shows that earlier 
plants and animals were less com- 
plex than later ones, and that the 
farther back we go in time, the sim- 
pler they were. It is believed that a 
few hundred million years ago, all 
living things were sea-dwellers. Still 
farther back, none was larger than a 
single cell. Beyond that, the record 
stops. We know of no fossil ancestors 
of the cell. Should we conclude from 


this that the cell had no ancestors? 
This might be like saying that worms 
come from mud. It would dismiss the 
whole fascinating problem of how a 
physical and chemical system such 
as the cell might have begun. 

The fluid substance of a cell- 
its protoplasm—is built of proteins 
and other complex molecules laced 
through a watery solution of salts 
and minerals. A characteristic of 
protoplasm is that materials are con- 
tinuously exchanged between the 
protoplasm and its environment, and 
this exchange keeps the protoplasm 
operating as a system in a “steady 
state.” Scientists do not assume that 
such a complex system was formed 
in a few quick steps. Rather, they 
assume that protoplasm evolved 


SCIENCE WORLD 








ors? 
rms 
the 
va 


on- 


ism 
idy 
hat 
red 
hey 
ved 





through an involved chemical history. 

Analysis shows that protoplasm is 
composed largely of four elements 
quite common on the surface of the 
Earth. These are carbon, hydrogen, 
oxygen, and nitrogen; together they 
make up 99 per cent of the weight 
of protoplasm. Today animals get 
these elements from food made by 
plants. The plants, in making food, 
use principally two commonplace 
raw materials—water and carbon 
dioxide. 


Testing a Theory 


In foods and in the molecules 
found in protoplasm, the four ele- 
ments are linked in long chains of 
carbon atoms. The largest of such 
molecules, the proteins, have hun- 
dreds of thousands of atoms precise- 
ly arranged. Such complex molecules 
are found only in living matter and 
its products. 

Clearly, a theory about the origin 
of life must go back into the early 
history of carbon, hydrogen, oxygen, 
and nitrogen. This is the starting 
point of the comprehensive theory 
worked out by the Russian chemist 
Alexander Oparin, and developed by 
the American scientist Dr. Harold 
Urey, and others. 


THE FOUR KEY 
BLEMENTS 


OF LIFE 


CARBON 





HYDROGEN O 


OXYGEN 


NITROGEN 


Analysis of protoplasm shows that four common elements— 
carbon, hydrogen, oxygen, and nitrogen—make up more than 
99 per cent of its weight. According to theory these elements 
were found in primordial atmosphere combined in methane— 
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According to this theory, the first 
organic molecules were produced by 
the interactions of four gases—meth- 
ane (marsh gas), water vapor, am- 
monia, and hydrogen—which sup- 
posedly were abundant in the Earth’s 
early atmosphere. Methane was the 
source of carbon; water vapor and 
hydrogen supplied hydrogen atoms; 
oxygen came from water; nitrogen 
came from ammonia. 

To test this idea, Dr. Stanley Mil- 
ler, when he was a graduate student 
working with Professor Urey at the 
University of Chicago, experimented 
with a mixture of the four gases (see 
diagram on page 9). He set up two 
flasks, one above the other, with 
tubes connecting them. Water and 
the gases were put into this appa- 
ratus. When the water was boiled 
in the lower flask, steam rose into 
the upper one and mixed with the 
other gases. Some of the steam con- 
densed into water droplets in which 
molecules of the other gases were 
dissolved. Droplets trickled back into 
the lower flask, and more steam rose. 
So it went, round and round. Since 
it takes energy to link simple mole- 
cules into more complicated ones, 
an electric circuit was arranged to 
discharge a spark into the mixture 
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as it passed down the connecting 
tube. 

After the first day, the water in the 
lower flask turned pink. By the end 
of a week it was red. When tested, 
it was found to contain various com- 
pounds of carbon, hydrogen, oxygen, 
and nitrogen. Among them were 
some amino acids, the units of which 
protein molecules are built. Here was 
an indication that chemical forerun- 
ners of proteins could have been 
formed from an atmosphere of water, 
ammonia, methane, and hydrogen 
when energized by lightning. 


Whirlpool of Gases 
What grounds are there for sup- 
posing that such an atmosphere ever 
existed? This question takes us into 
theories involving the origin of the 

Earth and our solar system. 
According te one widely accepted 
theory, material for the sun, Earth, 
and other planets was originally part 
of an enormous cloud of gas and dust 
drifting through space. Gravitational 
attraction pulled the material of the 
cloud toward the center. The in- 
flowing gases formed a whirlpool. 
Centrifugal force produced by the 
whirling made the cloud flatten out 
in the shape of a huge wheel. Mean- 
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CH,, ammonia—NH:, water vapor—H.O, and in hydrogen mole- 
cules—H:. Oparin’s theory states that methane and ammonia 
were sources of carbon and nitrogen. These, together with 
oxygen and hydrogen gas, formed first organic molecules. 








while, matter gathering in the center 
of the wheel formed a sphere. Com- 
pression of the material in the sphere 
made it so hot that it began to glow, 
and became the sun. 

In various parts of the great 
wheel, eddies of gas and dust de- 
veloped into whirlpools circling the 
sun. Nine of these whirlpools were 
the beginnings of the nine planets. 
They circled the sun in various 
orbits, some near, others farther out 
in space. 

Hydrogen had been the principal 
element in the original cloud, and 
was the main element in the whirl- 
pools. Its great abundance affected 
other elements. Hydrogen united 
with oxygen to form water vapor, 
with carbon to form methane, and 
with nitrogen to form ammonia. 
Where temperatures in the whirl- 
pools were right, the water vapor, 
methane, and ammonia condensed 
into liquid droplets and ice crystals. 


Theory of Earth’s Origin 


In the third orbit from the sun 
traveled the whirlpool that was to 
become the Earth. As it spun around, 
some part of the whirlpool was al- 
ways turning toward the sun and 
warming up, and another part was 
turning away and growing cold. 
Where it was cold, water vapor and 
other gases formed droplets that 
coated specks of dust with moisture. 
When specks collided, they some- 
times froze together, forming lumps 
of muddy slush. Lumps met and 
merged, and in this way larger and 
larger masses formed. Finally, most 
of the solid matter gathered in the 
center of the whirlpool, building up 
a body that became a planet. Inside 
it were buried the liquids and ices 
which had frozen the lumps of mat- 
ter together. 

Meanwhile, the freely drifting 
gases of the whirlpool were being 
driven off into space by the pressure 
of light energy from the sun. By the 
time the Earth was formed (accord- 
ing to this theory of its origin), free 
gases were so sparse that the planet 
had little atmosphere. It lacked rain- 
clouds and rain, and its whole sur- 
face was dry, rocky desert. Yet the 
Earth held a promise of better things 
to come. It held the liquids and 
gases that had been locked in the 
lumps of matter. Fronv this buried 
treasure would come both the 


Earth’s atmosphere and its oceans. 
In trying to theorize how the 
Earth gained its sea and air, some 
scientists consider volcanoes and the 
materials they pour from the planet's 
interior. Lava shoots up in liquid or 
pasty masses. The explosive that 
blasts it to the surface is a mixture 
of gases, and the principal one is 
steam. Some of the steam, it is 
thought, comes from water that was 
buried in the planet long ago while 
its substance was accumulating. 
Quite early in its life, no doubt, 
the Earth grew hot inside, partly 
from compression and partly from 
the radioactive decay of uranium, 
potassium, and other elements. Deep 
rock melted, and its store of water 
vapor and other gases was dissolved 
in the mixture. Volcanoes opened 
up; exploding steam blasted clouds 
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Protoplasm was thought to form as a 
jelly-like droplet when protein molecules 
meshed to trap and hold water in a film. 


of rock dust and vapors into the sky. 
The steam and other gases spread 
around the planet, gradually form- 
ing an atmosphere. 

Steam condensed into water drop- 
lets. Soon the first rain pelted the dry 
face of the land. More steam erupted 
from the Earth, and rain continued 
to fall. It rained for millions of years. 
Floods poured down from highlands 
into great hollows, where seas began 
to form. 

The gases in the first atmosphere, 
according to the theory of Oparin 
and Urey, were mainly water vapor, 
ammonia, methane, and hydrogen. 
(The last three would have been 
re-formed through reactions taking 
place during eruptions.) It was a 
stormy atmosphere, torn by millions 
of bolts of lightning. The sun shone 


on the tops of the clouds, adding the 
energy of ultraviolet rays to that of 
lightning. 

Energy from these sources caused 
the atmospheric gases to act upon 
one another. The four elements in 
the gases—carbon, hydrogen, oxygen, 
and nitrogen—recombined to form 
simple organic molecules. These 
molecules were dissolved in rain- 
drops and poured into the growing 
sea. There they joined, forming 
amino acids and larger molecules. 

On the Earth as it is today, or- 
ganic substances cannot lie around 
very long without decomposing. 
Either they are acted upon by micro- 
organisms or they are oxidized—by 
oxygen from the air. But on the 
young Earth there were no micro- 
organisms. And according to Opa- 
rin’s theory, there was no free 
oxygen. So organic substances were 
not destroyed; they accumulated in 
the sea. The water became a sort of 
thin broth—a food that remained un- 
spoiled and uneaten. 

The organic molecules in the broth 
began working on one another. Car- 
bon chains linked together, forming 
longer and more complicated chains 
with atoms of hydrogen, oxygen, and 
nitrogen attached. Chains grew more 
and more complex. Some finally 
combined into molecules such as the 
nucleic acids DNA and RNA (see 
Science World, Nov. 4, 1959 issue, 
pp. 21, 22), and proteins. 


Proteins to Protoplasm 


Proteins and other long molecules 
often touched and tangled together. 
Such molecules were “water-loving” 
(hydrophilic) — which means _ that 
they attracted and held water mole- 
cules in a film around them. Conse- 
quently, the long molecules were 
kept apart a little, so that they 
formed a meshwork enclosing water- 
filled spaces. The tangle became a 
watery, jelly-like droplet—a colloid. 

Around the surface of a droplet, 
proteins gelled and formed a mem- 
brane, which helped hold the drop- 
let together. The protein strands of 
the membrane were laced together 
loosely. Small molecules could pass 
through the openings, so that mate- 
rials were exchanged between the 
droplet and the sea. 

In some droplets, special proteins 
developed and began to function as 
enzymes, These speeded up chem- 
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Photo and sketch show apparatus that was used by Dr. Stanley 
Miller to produce amino acids from a mixture of methane, 
ammonia, and water vapor. Steam from lower flask rose to 


ical activity, so that large molecules 
were formed rapidly, and the drop- 
lets grew. But a droplet grew only 
so large. Then its DNA molecules, 
which played a large part in the 
building of enzymes and other pro- 
teins, divided and doubled, and the 
droplet split in two. After a while 
the two grew large and split, and 
there were four. Thus the droplets 
made more and more of their own 
kind. Nothing like this had ever hap- 
pened before. The droplets were 
something new in the world—they 
were protoplasm. 

As these droplet organisms multi- 
plied, they used up more and more 
of the broth. Soon there was famine 
in the sea. Billions of organisms 
starved, and survivors had to get 
along as well as they could on the 
leftovers. 

With organic molecules becoming 
scarcer, certain lines of organisms 
died out. Others eontinued to live 
and reproduce. Somehow—and this 
is an enormous gap in the theory— 
various structures and mechanisms 
developed in the surviving organ- 
isms, which finally evolved into cells 
resembling types that exist today. 
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Some of the cell organisms obtained 
energy from nitrogen, some from 
ammonia, others from sulphur. These 
organisms were bacteria. Another 
kind evolved into yeasts, which ob- 
tained energy by fermenting sugar. 

Meanwhile the Earth was chang- 
ing. Volcanoes quieted down; clouds 
thinned, and bright sunlight reached 
the surface of the sea. A new gas— 
carbon dioxide produced by fermen- 
tation—was becoming plentiful in 
the water. 


Plants and Animals 

Certain microscopic cells devel- 
oped a new substance, chlorophyll, 
and became green. Others became 
purple, blue, or yellow. Their col- 
ored matter trapped the energy of 
sunlight, which split water molecules 
into hydrogen and oxygen. The hy- 
drogen was linked with carbon 
dioxide to make sugar. Much of the 
oxygen was given off as a by-product. 
These organisms were the first plants. 

As microscopic plants increased 
and spread over the sea, they liber- 
ated more and more oxygen. The 
oxygen dissolved in the water and 
escaped into the atmosphere. There 
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one above and condensed. Condensed steam dissolved gas 
in upper flask, ran back to lower flask past high voltage dis- 
charge. After one week, lower flask contained amino acids. 


it reacted with the original gases of 
the atmosphere. Methane was oxi- 
dized to carbon dioxide and water. 
Ammonia was oxidized to nitrogen 
and water. Gradually, the old atmos- 
phere of methane and ammonia was 
transformed into an atmosphere of 
nitrogen, oxygen, and carbon dioxide. 

Now that microscopic plants were 
teeming in the sea, other tiny organ- 
isms started to live as animals. De- 
vouring plants and using oxygen to 
burn the plant food, they produced 
carbon dioxide, which other plants 
used. 

Such, it is theorized, may have 
been the chain of events that led to 
the life system operating on the 
Earth today. Sea and air were sup- 
plied with the gases that ever after- 
ward would provide the four key 
elements of protoplasm. Carbon di- 
oxide and oxygen passed back and 
forth from living organisms to air 
and water, as they do today. And 
though the land was just bare rock, 
the seas harbored throngs of micro- 
scopic living things. These may have 
been the ancestors of the two great 
divisions of life—the kingdom of 
plants and the kingdom of animals. 
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By WILLY LEY 


the problem is cost of the trip 


TRAVEL 


BY 








44N/OUR attention, please! Inter- 

continental’s Ballistic Flight 
107 for London is now ready on Pad 
E. Please embark via tunnel 5.” 

Whether such a call will be heard 
at an international airport some eight 
or ten years from now will depend 
only on one thing. It will not be a 
question of whether ballistic passen- 
ger liners can be perfected and made 
safe. (They can.) Nor will it be a 
question of whether the average hu- 
man being could take such trips 
without ill effects. (In 95 out of 100 
cases he will.) It will be simply a 
question of how much it will cost to 
build and maintain such vehicles, 
and whether the public would be 
willing to pay the price. 

In all probability the answer to 
that question, too, is “yes.” 

Even before the Russians put the 
dog Laika into orbit around the 
Earth on Nov. 3, 1957, scientists were 
convinced that a human being could 


Ballistic passenger liners can be perfected and 


made safe from take-off to landing... 


ROCKET 








survive the take-off and flight in a 
ballistic vehicle. The only doubtful 
point, for a while, was the question 
of re-entry into the atmosphere and 
landing. 

Let us examine this problem step 
by step. If a person were to make a 
trip in the nose cone of a ballistic ve- 
hicle the following events would 
occur. 


Take-Off and Acceleration 


(1) At take-off, and while the ve- 
hicle is accelerating, the passenger 
would be subjected to g forces (g is 
the symbol for the force of gravity 
at the Earth’s surface ). At the instant 
when he is being lifted off the launch- 
ing pad, the passenger would feel 
about twice as heavy as normal 
(2 g). In the course of the vehicle’s 
acceleration this would build up to 
fairly high value, about 6 or 7 times 
normal (6 or 7 g). If the rocket has 
two stages, there would be two such 
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“acceleration peaks”’—one near the 
moment of exhaustion of the first 
stage, and then again prior to cut-off 
of the upper stage. 

(2) Immediately after cut-off of 
the upper stage the passenger would 
feel weightless. This weightless state 
would last until re-entry into the at- 
mosphere. For a flight across the At- 
lantic Ocean it would be about 40 
minutes. 

(3) After re-entry into the atmos- 
phere the missile would rapidly lose 
velocity and the passenger would be 
subjected to deceleration. Scientifi- 
cally speaking, deceleration is accel- 
eration preceded by a minus sign. 
To the passenger it would feel the 
same, except that it would seem to 
come from the wrong direction. This 
deceleration would be less violent 
than the acceleration, but while ac- 
celeration would last between three 
and five minutes, deceleration might 
last as long as 20 minutes. 
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of an unmodified ballistic vehicle 
would, of course, be the impact. 

But let us postpone discussion of 
the impact and examine the other 
events first. The effects of both ac- 
celeration and deceleration can be 
produced (and therefore tested) in 
a large centrifuge. Many such tests 
have been run. In tests on human be- 
ings, scientists found that a normal 
healthy person can survive both the 
rather powerful acceleration maneu- 
ver and the weaker but longer-last- 
ing deceleration maneuver without 
even losing consciousness. If acceler- 
ation is too powerful the effect may 
not feel pleasant, but that is all— 
provided the body of the test subject 
is in a reclining position and well- 
cushioned. 

Pilots who sometimes experience 
high acceleration for a number of 
seconds, when pulling out of a power 
dive or making a very sharp turn, 
have discovered a minor trick the 
researchers did not think about: the 
effects of such an acceleration peak 
can be withstood much better if you 
simply hold your breath for a few 
seconds. 


Weightless Flight 

So we see that the two periods (1) 
and (3) could be endured even in 
an unmodified ballistic vehicle. If a 
ballistic vehicle were designed for 
passenger travel the designer would 
make sure, of course, that accelera- 
tion is held within reasonable limits. 

As regards (2), the weightless pe- 
riod, it was more difficult for scien- 
tists to obtain information because 
they could not produce weightless- 
ness on the ground. Then they re- 
called that pilots often experience 
weightlessness (zero g) when an air- 
plane pulls out of a power dive, at 
the same time cutting its engine to 
only enough power to overcome air 
resistance. Since the plane, during 
this maneuver, follows an arc that 
resembles a parabola, the maneuver 
is usually called “parabolic flight.” 
Even fast aircraft cannot make a 
parabolic flight lasting longer than a 
minute, but with repeated experi- 
mentation it was established that 
weightlessness is harmless. 

There remains, then, point (4)—the 
impact. Obviously an impact must 
not take place. There are two ways 
to avoid it. One is to provide a para- 
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(4) The termination of the flight 








Adapted from Man's Reach into Space, by Roy Gallant (Garden City Books) 


At take-off (acceleration) and 


re-entry 


(deceleration), passenger in ballistic 


vehicle would be subjected to g forces. During positive g, blood drains from eyes 
and brain (left). During negative g, excess of blood is forced into eyes and brain 
(center). During transverse g, g forces operate across body, not up or down (right). 


chute which will snap open to retard 
the vehicle when it is about 8,000 
feet off the ground. This could be 
done automatically by a radar-type 
device which triggers the parachute 
release. Or the rocket could be pro- 
vided with wings, so that it assumes 
the characteristics of a glider after 
re-entry and glides to a landing 

Both these possibilities are under 
study. 

The U. S. Army, for example, is 
interested in “assault capsules” in 
which specially trained assault troops 
could be fired into enemy territory 
far behind the front lines. Such an 
assault capsule would be_ rather 
large, compared to the normal war- 
head of a missile. Ten fully armed 
paratroopers would weigh about one 
ton, but take up much more space 


than a one-ton nuclear bomb or even 
one ton of ordinary high explosive. 

The capsule would be separated 
from the rest of the missile at a fixed 
time during the flight. A metal para- 
chute would be ejected to open at 
the proper height. While this para- 
chute would retard the fall, the land- 
ing might still be rather hard. There- 
fore, during the last 100 or 200 feet 
of fall, small rocket charges—retro- 
rockets—would be set off automati- 
cally to cushion the impact. 

The passenger-carrying _ ballistic 
vehicle, on the other hand, would not 
look like a rocket at all. It would have 
the appearance of a medium-sized 
airliner with delta wings. For take- 
off this delta-winged airliner would 
be perched on the back of another 
delta-winged rocket of the same 








23,000 feet 


20,000 feet 





17,000 feet 





about 50 seconds 
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Adapted from Man's Reach into Space, by Roy Gallant (Garden City Books) 
To achieve weightlessness (zero g), pilot flies plane on parabolic curve. To gain 
speed for maneuver, pilot dives at sharp angle, then pulls out and climbs to 23,000 
feet. Then he dives sharply again to about 17,000 feet. During steep climb and dive, 
centrifugal force balances pull of gravity, resulting in 50 seconds of zero gravity. 









































U. S. Army Ordnance Missile Command drawings 
Above: Assault capsule, rocketed far 
behind enemy’s front lines, would be 
braked by metal parachute and retro- 
rockets in capsule’s base. Bottom: 
Capsule would hold 10 paratroopers, 
theoretically catch enemy by surprise. 
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shape but of larger size. This second, 
larger rocket would be a “mother 
ship,” lifting itself and the airliner 
to a high altitude. 

This two-stage ship would take off 
vertically, or very nearly so. At about 
two minutes after take-off the ship’s 
velocity would be somewhat more 
than 1.5 miles per second. The ship 
would be pointed in the direction of 
its destination, but it would no long- 
er be ata steep angle. 


Re-entry and Landing 

Then the two stages would sepa- 
rate. The upper stage, with the 
passengers aboard, proceeding under 
power, would still be accelerated for 
a while. The lower stage, now very 
light because virtually all its fuel 
has been consumed, would descend 
at a conveniently located airport. 
One study suggests that the lower 
stage could be fitted with “jet pods” 
and flown back to its home base. In 
any case, the lower stage could be 
used over and over again as a 
“mother ship”"—unlike the stages of 
today’s rockets, which fall into the 
oceans, 

In the meantime, the upper stage 
will have reached the necessary ve- 
locity to achieve its destination. Nor- 
mally the period of weightlessness 
would then set in. It is possible, how- 
ever, to run a small rocket motor 
during the whole period of the flight. 
This would provide a small amount 
of pseudo-weight for passengers who 





are neither aviators nor paratroopers 
in the normal course of their lives. 

When the upper stage nears its 
destination—about one hour after 
take-off—the circumstances will bi 
about the same as those that pre- 
vailed for the first stage. The ship, 
having used up virtually all of its 
fuel, will be rather light. It could be 
landed like an airliner. In fact, it is 
very probable that its landing speed 
will be lower by 20-30 miles per hour 
than the landing speed of the air- 
liners of today. 

However, there is little doubt that 
the forces exerted by take-off and 
re-entry would jar passengers more 
than even the roughest flight in a 
conventional passenger plane. Yet 
the discomforts of ballistic flight 
would be far outweighed by the 
speed. Even the fastest of today’s 
jet liners takes about seven hours to 
fly from New York to London. A bal- 
listic vehicle could make the trip in 
about one hour. 


Problem of Cost 


There is no doubt that such a bal- 
listic vehicle can be built and can be 
made safe. The only question is 
whether the trip can be made cheap 
enough. If it can be, there will be an 
announcement at the other end, 
saying: “Intercontinental’s Ballistic 
Flight 107 is now landing. Passen- 
gers will deplane through Gate 3 and 
can be met at the exit from the 
Custom’s Office.” 





Wide World 


Astronaut is subjected to zero g while plane flies parabolic curve (see disgram, page 
11). If he made sudden move or even sneezed while weightless, reaction would force 
him backward abruptly (Newton‘s Third Law of Motion). That’s why cabin is padded. 
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Atomic Energy Commission photo 
Highly radioactive equipment is en- 
tombed in tunnel at Hanford, Wash. Steel 
and concrete door is lowered by disposal 
crew masked against radioactive dust. 


By SIMON DRESNER 


Scientists are seeking ways to dispose of radioactive wastes— 


the dangerous by-products of the peaceful atom 


the nuclear powered submarine allowing 


Seawolf. 


The radioactive sodium 


COUPLE of summers ago the 
U. S. Navy accidentally re- 
leased a highly explosive “mine” in 


cylinders, and the 
water to react with the sodium. 
However, one dynamite charge re- 


sea 


Was 


the busy ocean lanes off New York 
harbor. The “mine” was a floating 
barrel of metallic sodium, which re- 


acts violently upon contact with 
water and explodes. It was part of 
a shipment of 25 tons of radioactive 
sodium, refuse from the reactor of 
18, 


MAY 1960 


packed in 20 cylinders, each fitted 
with a charge of dynamite. The 
cylinders were loaded aboard a Navy 
barge, taken out to sea, and dumped 
overboard. With the ship safely out 
of the way, the dynamite charges 
were exploded, breaking open the 


fused to go off. Navy sharpshooters 
tried to puncture the steel cylinder 
with rifle bullets, but failed. The 
menacing cylinder drifted 200 miles 
into the Atlantic shipping lanes, 
while the Coast Guard tracked it. 
Fighter planes were sent to strafe 
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the cylinder, but it was a tough 
target. 

The planes could not fly lower 
than 1,000 feet without facing the 
danger of being blown out of the 
sky. After several bursts of machine 
gun fire, the barrel was perforated 
and the wetted sodium exploded. 
The radioactive debris was at last 
safely sunk in the depths of the 
ocean. 

Other radioactive wastes may not 
be as explosive as sodium, but they 
are just as dangerous in the long 
run. Some are the by-products of 
the many nuclear reactors now in 
operation in the United States. Others 
are leftover or depleted radioisotopes 
which were used in industry or by 
scientists doing research. 


Dumping Low-Level Wastes 

Depleted isotopes, of course, must 
be discarded. In addition, wastes 
may consist of radioactive fluids 
spilled accidentally, contaminated 
glassware accidentally broken, and 
worn-out protective clothing. 

All these qualify as low-level 
wastes; that is, they have a concen- 
tration of radiation in the range of 
a few microcuries per gallon. A 
microcurie is one millionth of a 
curie. The curie (named after Marie 
Curie, discoverer of radium) is the 
unit of radioactivity represented by 
one gram of radium, or approxi- 
mately one thirtieth of an ounce 
—37 billion (3.70 x 10!°) disintegra- 
tions per second. The measurement 
is given in microcuries per gallon; 
many radioactive wastes are liquid. 

Such low-level wastes are usually 
covered with a concrete jacket, 
packed into steel drums, towed to 
specially designated areas in the 
open ocean, and sunk. The weight 
of the concrete jacket helps sink the 
drums, and also protects the “gar- 
bage” personnel from radiation. 
Since the drums often break open 
under pressure of the seawater, the 
concrete also prevents too rapid 
seepage of the radioactive material. 

In such a dumping operation, 
radioactivity is continuously moni- 
tored by Geiger counters. The cap- 
tain and crew of the towboat wear 
badges containing photographic 
film. When developed, this film in- 
dicates the amount of radiation to 
which the crew has been exposed. If 
one of the containers should break 
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Crate of “hot’’ wastes, at end of train, is gingerly pushed to burial site by diesel 
locomotive. Empty railroad cars placed between the crate of contaminated equipment 
and the locomotive protect disposal crew. At burial site, box is released from 
train by a long cable. Man holding geiger counter constantly checks radioactivity. 


open, the crew members can don 
washable plastic suits and respira- 
tors. 

Scientists are especially worried 
over the dumping of low-level wastes 
into the ocean. The British have 
been piping low-level radioactive 
“sewage” into the Irish sea from re- 
actors at Windscale at the rate of 
1,000 curies a month for several 
years. Proceeding cautiously at first, 
the scientists caught and marked 
some 35,000 fish. The fish were re- 
caught later and checked for in- 
creases in radioactivity. Seaweed 
and sands of the shore were also 
checked. The verdict: the radioac- 
tivity level of the Irish sea was well 
below the maximum permissible 
level, and perfectly safe. 

But nuclear scientists are begin- 
ning to wonder whether they will 
ever be able to dispose of radioactive 
wastes that are highly dangerous, 
such as spent fuels from nuclear re- 
actors. The radioactivity comes 
mainly from two highly radioactive 
isotopes, strontium-90 and cesium- 
137. Each of these isotopes has a 
long half-life, and the cesium radi- 
ates powerful gamma rays. (The 
“half-life” of an isotope is the time 
required for one half of its radio- 
active atoms to disintegrate. ) Wastes 
containing these isotopes must be 
isolated for 600 years. If the wastes 


contain plutonium, they must be iso- 
lated for at least 24,000 years. 

Most of these “hot” wastes are 
now stored underground in mam- 
moth steel tanks. Adding to the 
problem is the fact that in giving off 
their radiation, the radioactive ele- 
ments produce heat sufficient to 
cause the tanks to boil—and to keep 
boiling for hundreds of years. The 
steel storage tanks must be sur- 
rounded by refrigerating coils to 
keep the long-lived isotopes below 
the boiling point until they decay 
to harmless levels of radioactivity. 

Such tank storage is extremely 
costly. It is the safest method of 
storage, since the radioactive mate- 
rial can be observed and controlled 
at all times. However, the tank con- 
tainers only postpone the day of 
reckoning—the radioactivity is sure 
to outlive the tanks. 


Burial in a Mountain 

A way of disposing of highly 
radioactive equipment is to bury it 
inside a mountain. At the Atomic 
Energy Commission’s Hanford, 
Wash., nuclear fuel plant, engineers 
have dug a 500-foot tunnel and laid 
railroad tracks along its length. 
Equipment too radioactive to be re- 
paired or too heavy to be hauled 
away for burial is rolled into the 
tunnel on railroad flatcars. When the 


SCIENCE WORLD 













—— 


pos 
the 
gin 
low 
the 
mor 





1ote 
sel 


op 


‘ic 











cars come to a halt, a huge water- 
filled radiation-barrier gate drops 
from the roof of the tunnel, shutting 
off the mouth and safely entombing 
the contaminated equipment. 

A promising method of hot gar- 
bage disposal is to mix it with a 
special clay called montmorillonite. 
Waste products are absorbed by the 
clay, which then is baked to seal in 
the unstable atoms. The clay bricks 
will not decompose for many years, 
and can be buried or kept in sheds. 

The most crucial problem is dis- 
posal of liquid radioactive waste. Of 
the many methods of disposal sug- 
gested, one of the most promising 
is the pumping of liquid wastes into 
deep abandoned oil wells or salt 
mines, thousands of feet below the 
water table. Sites selected must be 
so situated that if the liquids worked 
their way towards the surface, they 
could not pollute natural resources. 
Scientists must also ascertain whether 
the heat of radiation could force the 
liquid to boil up as a radioactive 
“geyser.” 

Two visionary schemes for dis- 
posal include airlifting the wastes to 
the Arctic, where they would be 
gingerly placed on icebergs and al- 
lowed to melt their way down. Or 
the wastes could be rocketed to the 
moon, the planets, or outer space. 

The most promising possibility 
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AEC photo 
Low-level radioactive waste dumped into streams and rivers is monitored to insure 
public health and safety. Scientists take samples of water, microorganisms, fish, 
and bottom material, and analyze them for safe radiation levels. Several reactors, 
in United States and Britain, are presently discharging waste in bodies of water. 


lay in dumping the material into the 
deep submarine trenches of the At- 
lantic and Pacific. Nineteen of these 
trenches are more than four and one 
half miles deep, and some are thou- 
sands of miles long, making the 
Grand Canyon in Arizona seem small 
by comparison. 

At first scientists assumed that the 
water at the bottom of these “grave- 
yard” trenches was stagnant. This 
would mean that the concrete and 
metal “coffins” containing dangerous 
elements would lie undisturbed for 
centuries until radioactivity was 
spent. 


Sea Is Never Still 


However, both American and Rus- 
sian oceanographic researchers have 
found fluctuations in the deep water 
temperature in such trenches, mean- 
ing that convection currents exist 
which could distribute the radioac- 
tivity. 

Oceanographers have estimated 
that even at the greatest depth a 
complete change of water can take 
place in as brief a time as five years. 

The distribution of phosphates 
and the presence of living organisms 
consuming oxygen at every depth 
indicated that the water was con- 
tinually mixing, both vertically and 
horizontally. Unless the containers 
could remain intact for several hun- 


dred years, the radioactive wastes 
would be dispersed over the ocean 
within a few years. 

Steel and concrete jackets could 
easily be cracked, however, by the 
tremendous water pressures encoun- 
tered at great depths. Minute seep- 
ages of radiation would occur. 
through thes¢ cracks. 

Such escaping atoms might be 
picked up and concentrated by 
marine organisms which involve 
these elements in their life processes. 
These organisms might bring the 
radioactive elements from the deep 
contaminated layers of the ocean to 
shallower uncontaminated _ layers. 
Many organisms such as shrimp and 
squid make daily migrations from 
the surface to the ocean bottom. 
They act as sponges, soaking up 
radioactivity. Plankton in the Bikini 
area of the Pacific, where many 
nuclear bombs have been set off, 
have 470 times more radioactivity 
than the water itself. 


Adds to Atomic Power Cost 


Once dead, the organisms might 
sink to the bottom, where radioac- 
tive elements chemically combined 
in their skeletons would increase 
radioactivity in the depths. Un- 
limited amounts of radioactive wastes 
dumped in the same spot could 
build up a concentrated source of 
contamination to make all marine 
life in the region radioactive. Such a 
chain of events could contaminate 
fish, and thus destroy one of man’s 
chief sources of food. 

The problem of disposal may make 
nuclear power extremely costly. In 
fourteen years the United States has 
accumulated 60,000,000 gallons of 
highly radioactive wastes, stored in 
steel tanks. The cost of this storage 
has now reached a total of $65,000,- 
000. It is estimated that by the year 
2,000, the amount of waste would re- 
quire 100,000 acres a year of “burial 
grounds,” or equivalent space in a 
submarine trench. 

However, many scientists believe 
that by the end of this century, 
hydrogen fusion power will be a 
reality. Since fusion leaves no radio- 
active wastes, the problem will 
simply disappear. For the present, 
geologists, physicists, hydrologists, 
and oceanographers are working 
together to find ways of cooling off 
the “hot” garbage. 
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CANAVERAL 


First U. S. manned ballistic flights are scheduled for Septem- 
ber. Redstone rocket will power space capsule to altitude of 
125 miles, 100 miles higher than man has soared in planes. 





National Aeronautics & Space Administration photos 


U. S. space capsules will be tested first by animal ‘‘astro- 
nauts.”” When capsule re-enters Earth’s atmosphere, it will 
glow red as friction against air heats its skin to 1,200°F. 


| Science in the news 


Man in Space? 

An American astronaut may soon be 
sent on a short ballistic flight. 

The astronaut—one of seven in train- 
ing for longer than a year—would be 
the first American rocketed to the fringe 
of space, 125 miles above the Earth. 

According to the Project Mercury 
timetable, the first manned _ ballistic 
flights would be powered by the U. S. 
Army’s Redstone ballistic missile. The 
astronaut would ride in the nose, inside 
a “space capsule.” 

The rocket would be fired from Cape 
Canaveral, Fla. At a fixed altitude, the 
rocket motor would shut off, eject the 
space capsule, and fall back to Earth. 
The space capsule would continue along 
a parabolic flight path. 

The capsule would reach its apogee 
at an altitude of 125 miles, and curve 
back toward the Earth. To brake the 
capsule’s fall, a parachute would be 
ejected automatically before impact. 
The capsule would land in the Atlantic 
about 200 miles from Canaveral. 

Four large flotation bags would be 
inflated automatically, keeping the 
space capsule afloat until a ship could 
haul it aboard. During the flight, rescue 
ships would have tracked the space 
capsule with radar. As an added safety 
measure, the capsule’s radio would 
transmit an SOS after impact. 

Before an American makes a ballistic 
Hight, further tests will be conducted 
with animals. Last year two monkeys— 


Able and Baker—were rocketed to an 
altitude of 300 miles in a space capsule, 
and then parachuted down, Two other 
monkeys, Sam and Miss Sam, made a 
similar flight earlier this year. 

The most grueling part of the trip 
would be the g forces exerted on the 
astronaut at take-off (6% g) and re- 
entry (11 g). To toughen resistance 
against the g ordeal, astronauts have 
been training with a 50-foot centrifuge. 
To make certain they don’t pass out in 
emergency situations, the astronauts are 
being subjected to 20 g for brief periods. 

Each astronaut also has _ been 
equipped with a fiber glass contour 
couch specially molded to his physique. 
He will lie on the couch during the 
entire ballistic flight. In this position, 
the astronaut will be subjected mainly 
to transverse g’s, which are easier to 
withstand than positive g’s or negative 
g’s (see g diagram on page 11). 

Near the flight’s apogee, the astronaut 
will be subjected to about 5% minutes 
of weightlessness. During re-entry, fric- 
tion against Earth’s atmosphere will 
heat the capsule’s skin to 1,200°F. In- 
sulation and air-conditioning in the 
capsule will lower its interior tempera- 
ture to about 120°F. The astronaut’s 
spacesuit, insulated and pressurized, 
will keep him comfortable. The space- 
suit also will keep his blood from boil- 
ing in the thin atmosphere of space. 

The Project Mercury timetable calls 
for putting an astronaut into orbit 
around the Earth “sometime in 1961.” 


Pioneer V Reports 


Since it was launched two months 
ago, the U. S. Pioneer V has transmitted 
important scientific data on interplane- 
tary space. 

The spacecraft’s recording and radio 
equipment is turned on and off by sig- 
nals from the giant radio telescope at 
Jodrell Bank, England. This communi- 
cation system has worked almost per- 
fectly—at the record-breaking distance 
of more than 8,000,000 miles. 

Data from Pioneer V have upset 
widely held theories on the extent of 
the Earth’s magnetic field and the ef- 
fects of solar flares. After an eruption 
of solar flares, the intensity of cosmic 
rays observed on Earth declines by 
about one third. Scientists had theo- 
rized this reduction in intensity was 
caused by the Earth’s magnetic field. 
Pioneer V reported that the same de- 
crease occurred simultaneously 5,000,- 
000 miles from Earth. Hypothesis: the 
effect may be caused by forces other 
than the Earth’s magnetism. 

Pioneer V carries a sensitive mag- 
netometer, a device that measures the 
intensity and direction of the magnetic 
field in space. The magnetometer 
measurements made by Pioneer V indi- 
cate that the powerful magnetic storms 
on Earth, which interrupt radio com- 
munications, also exist in outer space 
(see Science World, Feb. 17, 1960 
issue). Previously, scientists had be- 
lieved that such magnetic storms were 
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solely terrestrial phenomena, caused by 
electric currents in or near the Earth’s 
atmosphere. Hypothesis: unidentified 
forces existing in space probably are 
the cause of magnetic storms. 

Pioneer V also confirmed what scien- 
tists had long suspected: the existence 
of a giant ring of charged particles en- 
closing the Earth. The ring covers a 
region extending from about seven 
Earth radii to ten Earth radii. An elec- 
tric current flows in this ring, computed 
to be about 5,000,000 amperes. (This 
ring is not to be confused with the Van 
Allen Belt, which is found at altitudes 
of from one to six Earth radii.) 

The sensitive magnetometer aboard 
the spacecraft has also reported that 
the Earth’s magnetic field extends into 
space about twice as far as had previ- 
ously been thought. 


Triton Circles Globe 


The U. S. submarine Triton has just 
completed a submerged voyage around 
the world, showing that nuclear-pow- 
ered subs can go anywhere and remain 
submerged for long periods. 

The Triton is the free world’s largest 
submarine, displacing 5,900 tons on the 
surface and 8,000 tons submerged. It 
is also the only nuclear submarine pow- 
ered by two reactors, one to drive each 
of its two propellers. On its round-the- 
world trip, the Triton carried the largest 
crew of any submarine—183 men. The 
Triton was named for the merman of 
Greek mythology, who calmed the 
waves with a blast of his conch-shell 
horn. 


During the round-the-world _ trip, 


Navy psychologists studied the crew to 
observe the effects of long confinement 
in close quarters. The 41,500-mile trip 
took 84 days. A Navy physician re- 
vealed that on such long voyages crew 





Wide World photo 


Present meets past as photographer aboard nuclear submarine 
Triton “shoots” schooner in Makassar Straits between Borneo 
and Celebes. Photo was taken through Triton’s periscope 
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members may become tense and nerv- 
ous and unable to do their job. To 
counter this, the Navy is thinking of 
installing a gymnasium aboard subs 
such as the Triton, complete with pul- 
ley weights, chinning bars, and _ pos- 
sibly even a small handball court. 


Plant Catalogue 


To establish a world master list of 
the more than 300,000 known plants, 
scientists at the New York Botanical 
Garden are cataloguing them in a 
punch card system. 

The need for such a catalogue comes 
from the fact that some plants have 
more than one scientific name, (The 
same plant may have been discovered 
and named by different botanists.) In 
other cases, two different plants are 
known by the same name. At other 
times, plants that were thought to be 
different species were found to be varie- 
ties of the same species. And through- 
out the world, the same plant may 
have a number of common names. For 
example, the common garden dande- 
lion (Traxacum vulgaris) has 58 re- 
gional names. 

So far, the punch cards list the 31 
groups of principal plants, the 252 
living orders, and the 16 fossil orders. 
Also on cards are names and charac- 
teristics of the 1,114 living families, and 
the 48 extinct families. A start has been 
made on the 19,000 to 20,000 species 
of grass. When the project is finished 
there may be more than 1,700,000 list- 
ings. 

Drug companies and private and 
government research organizations have 
been scouring the world for plants use- 
ful for medical, industrial, and insec- 
ticidal purposes. This has stepped up 
the amount of information coming in, 
making a world catalogue of plants 
necessary. 
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U-2-—Jet Glider 


The Lockheed U-2 airplane, which 
made long flights over the heart of Rus- 
sia, is a unique combination of glider 
and high-speed jet. 

The U-2 has very long, thin, straight 
wings, like those of a glider. The wing- 
span is 80 feet, almost twice the length. 
of its fuselage. To give the U-2 maxi- 
mum range, its weight was kept to a 
minimum of about 17,000 pounds. It 
is powered by a single J-57 jet engine, 
designed to operate at high altitudes. 
To reduce weight even further, the U-2 
has only a single landing wheel under 
the fuselage. After take-off, small 


wheels on the wingtips are dropped. 
When landing, the plane rolls on its 
one wheel and on skids attached to the 
wingtips. 

The U-2 can fly for long distances, 
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Triton’s crew collected water samples 
from seas and oceans transited on sub’‘s 
trip. When chemical beakers were filled, 
catsup and pickle bottles were used. 
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Wide World 


On its round-the-world trip, Triton retraced—submerged— 
the route taken by Ferdinand Magellan‘’s ship, Viftoria, in 
1519. Vittoria made trip in 37 months—Triton in 84 days. 





Science in the news 


at speeds of 500 miles per hour at alti- 
tudes higher than 70,000 feet, or 
thirteen miles. (Some jet fighter planes 
can climb to such altitudes, but can 
stay there for only a few moments.) 
The plane’s long wings allow it to glide, 
with power shut off, for many miles in 
a long, gradual descent. 

The unarmed plane is crammed with 
cameras and instruments. For weather 
research, the plane carries cosmic ray 
counters, and devices to measure pres- 
sure, temperature, and humidity, as 
well as a camera for taking pictures of 
cloud cover. The plane also has “snif- 
fers’ —sticky air filters to pick up radio- 
active particles as evidence of atomic 
explosions. 





High-speed IBM computer can translate Russian articles into 
meaningful English. Typist copies Russian on electric type- 
writer, which converts letters into holes on paper tape. Tape 
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For aerial reconnaissance, the plane 
carries a long-range camera—in effect, 
a powerful airborne telescope capable 
of photographing ground features in 
sharp detail. 


Science Fair Winners 


At a banquet honoring all 356 final- 
ists and their teachers, the National 
Science Fair-International awards were 
presented at Indianapolis, Ind. 

Top winners among the finalists were 
announced by Watson Davis, director 
of Science Service, which conducts the 
annual fair. 

In the biological sciences division, 
first place awards went to: 
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Pravda - December 30, 1959 


>» Susan Brown, 16, of Stephen F. Aus- 
tin H. S., Austin, Tex. Her project: 
“A Root Growth Factor from Seedlings” 
—isolation of a naturally occurring 
growth factor which stimulates the de- 
velopment of adventitious roots on cut- 
tings from the meristematic root tissue 
of pinto beans (P. vulgaris). 
> Garry N. A. Botting, 16, of Peter- 
borough Collegiate and Vocational 
School, Peterborough, Ontario, Canada. 
His project: “Interesting Variations of 
the Cynthia Silk Moth’—variations and 
hybrids of the Cynthia stock, and how 
they are made, crossbred, etc., to de- 
velop interesting hybrid specimens and 
good qualities of silk. 

In the physical sciences division, first 
place awards went to: 
>» Mavis Ilene Atkinson, 18, of Wat- 
chung Hills Regional H. S., Plainfield 
N. J. Her project: “Nature’s Color 


IBM photos 


is fed into computer, converted into electronic signals, and 
scanned. Correct word is selected from 55,000-word vocabulary 
on 10-inch glass ‘‘memory” disc (in dark area near edge). 
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Will Open New Secret Universe 


Academician V. Ambartsumyan 
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coded form of black and white spots. Final result (right) is 
rough translation. By 1961 new electronic machine will scan 
printed material and feed it to computer without benefit of 
typist or punched tape, at rate of 2,400 words per minute. 


Article from Pravda (left), official Soviet newspaper, is 
printed in Cyrillic alphabet. Words, translated into elec- 
tronic signals, are matched against computer's ‘‘memory” 
(center, magnified 300 times). Each track stores words in 
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Exide Industrial Division photo 


Racing car is powered by new type of fuel cell, device that converts chemical energy 
directly into electrical energy. Cylinder supplies oxygen under low pressure to 
cell, where zinc electrodes lie in bath of potassium hydroxide (lye). Fuel cells 
are expected to have efficiency double that of conventional generating equipment. 


Carpet”—an_ investigation to isolate 
quantitatively and to use qualitatively 
dye products made from flowers, roots, 
barks, leaves, and husks of plants native 
to her area. 
>» Donald F. Carpenter, 16, of William 
Hall H. S., West Hartford, Conn. His 
project: “Aerodynamics and Thermo- 
dynamics of a Counterflow Vortex 
Tube”—means and results of experi- 
ments to determine the flow pattern 
in a counterflow vortex tube, develop- 
ment of a theory of operation of the 
vortex tube, and a working model of 
the vortex tube. 

First place winners receive “Wish 
Awards” of $125 worth of scientific 
equipment or books of their choice. 


News Particles 


Swallowing Balloons 


Balloons coated with photographic 
emulsion are helping doctors diagnose 
stomach cancer. The balloons are in- 
flated in the stomach. 

Before a balloon is used on the 
patient, a tiny amount of phosphorus 
32, which is radioactive, is injected into 
his body. Malignant cancer tissues ab- 
sorb a much greater amount of this 
phosphorus isotope than surrounding 
normal tissue. 

Then the balloon, coated on the in- 
side with photographic emulsion, is in- 
serted in the patient’s stomach at the 
end of a long tube. There it is inflated 
until it presses against the stomach 
walls. At points where the balloon 
touches cancerous tissue, the emulsion 
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is acted upon by emissions from the 
radioactive phosphorus. After six hours 
the balloon is deflated and removed, 
and the emulsion developed. Dark spots 
on the emulsion indicate cancerous 
tissue. 

This method should make possible 
earlier and more accurate diagnosis of 
stomach cancer. 

Fuel Cell for Racer 

A new type of fuel cell is being used 
to power a small racing car. Fuel cells 
are devices that convert chemical en- 
ergy directly into electrical energy. A 
cell developed by the Exide Battery 
Company uses zinc and oxygen. A 
cylinder of compressed oxygen supplies 
gas under low pressure to the cell, 
where zinc electrodes lie in a bath of 
potassium hydroxide (lye). 

The cell can generate large amounts 
of electricity, and leaves no waste 
products. Present electric generators, 
powered by steam or diesel engines, 
have a maximum efficiency of only 40 
per cent. Since the fuel cell has no 
moving mechanical parts to consume 
energy, its efficiency is expected to be 
almost double that of conventional gen- 
erating equipment. 


Freezing the Atom 


By freezing the nucleus of the atom, 
scientists at Pennsylvania State Uni- 
versity may have reached the lowest 
temperature ever achieved by the lab- 
oratory—less than 1 millionth of a de- 
gree above absolute zero (see Science 
World, Nov. 4, 1959 issue). 
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UPI photos 
By tracking grouse equipped with radio 
transmitter and antenna, Dr. William H. 
Marshall of Minnesota University hopes 
to learn new data about bird’s habits. 


First, by magnetic cooling of a speci- 
men of potassium 
scientists achieved a starting tempera- 
ture of 1/100th of a degree F. above 
absolute zero (—459.6° F.). (Mag- 
netic cooling is a method of cooling 
molecules, atoms, or even subatomic 
particles, by removing some of the en- 
ergy in their magnetic fields.) A speci- 
men of metallic palladium within the 
alum was then cooled magnetically by 
removing it from a very strong mag- 
netic field. This reduced the magnetic 
energy of the nuclear spins of the atoms 
in the palladium. As a result, the pal- 
ladium cooled to a temperature less 
than 1 microdegree (a millionth of a 
degree) above absolute zero. 


chromium alum, 


Russian Satellite 


The Soviet Union launched an arti- 
ficia] satellite weighing about five tons. 
It is said to contain a separate pres- 
surized cabin in which a human being 
could survive. According to uncon- 
firmed reports, four Russian astronauts 
have already perished in unsuccessful 
attempts to rocket them into space. 


Man and Algae 


A scientist spent six hours in a sealed 
chamber breathing oxygen supplied by 
tanks of algae, while the plants ab- 
sorbed the exhaled CO.. The experi- 
ment proved that man can live in a 
closed system such as a space ship, 
supported by the oxygen produced by 
plants. The project was carried out in 
Seattle, Wash., by scientists of the Boe- 
ing Space Medicine Section. 
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LIFE CYCLE OF THE 
Butterfly 


OW skillful an observer are you? 
If the northward migrating 
monarch visits the area where you 
live, can you answer these questions? 
Careful observations, field notes, and 
a dash of ingenuity are needed. 
Eggs: Appearance? Laid singly or 
in clusters? Are they attacked by 
predators or parasites? Are they laid 
on the upper side of the leaf, or the 
underside? How long is the incuba- 
tion period? Do temperature and rain- 
fall have any effects? What per cent 
of eggs hatch? How much does egg 
weigh? Weight of newly emerged 
caterpillar? Any differences? Why? 
Caterpillars: What is rate of 
growth? Linear? Exponential? Other? 
How many instars (stages)? Is ap- 
pearance the same in all instars? Do 
all caterpillars of same hatch go 
through the same number of instars? 
At the same time? 
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Photos by Terry Shaw from Annan Photo Features 
In early summer, the monarch butterfly lays its eggs on milkweeds. In a few days the 
caterpillar emerges. Feeding only on milkweed leaves, it matures in 12 to 20 days. 
Leaf stems eaten partly through cause leaf to hang down and thus afford protection. 





As case hardens, it grows shorter and assumes the character- green color fades and the red-orange wings and black body 
istic oblong shape (left). A black and gold line develops on of the developing butterfly can be seen. In twelve days or so, 
the greatest diameter and tiny gold dots appear (center). The pupal case splits and butterfly somersaults out head first. 


SCIENCE WORLD 











Mature caterpillar spins a silk button on the underside of a 
leaf (left). It releases its legs and hangs motionless. After 
12 hours, skin splits along back and is discarded to reveal the 


light green pupal case (center). Under the soft pupal case the 
rudimentary wings, eyes, and antennae of adult butterfly can 
be seen (right). Case hardens and color deepens to jade green. 











The newly emerged insect is far from beautiful. Its wings are 
crinkled and wet (left). Insect hangs under pupal case for a 
few hours until its wings are expanded and dry (center). It 


then moves to another leaf and is ready to fly (right). Now, as 
befits beauty, it feeds only on nectar. In autumn it will join 
flock and fly to the Gulf states, returning north next spring. 
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today’s scientists 


Project Porpoise 


Paul Perkins 
Paul Asa-Dorian 


If marine mammals navigate by echo, 
would it be possible for one to navi- 
gate by sound alone—blindfolded? 


HE superb sonar systems of marine 

mammals are being studied with 
the help of a four-year-old porpoise. 
Kathy, the porpoise, her eyes covered 
with suction cups, is helping scientists 
to explore a new area of acoustics. 

Only six years ago it was discovered 
that marine mammals have more than 
their eyes to guide them in their under- 
water comings and goings. In 1954 
a team of scientists using sonar instru- 
ments detected high frequency sounds 
coming from gray whales passing along 
the California coastline. The two men 
who discovered these high frequency 
sounds have recently completed, with 
Kathy’s help, their “blind” porpoise 
study. They are Sonar Ordnance Chiet 
Paul Perkins, a Navy sonar specialist, 
and Paul Asa-Dorian, a_ psychologist 
at the Navy Electronics Laboratory in 
San Diego, California. 


Whale Sonar 


Their studies of whale sounds in the 
waters off the California coast led the 
two to believe that whales use sound 
in much the same way it is used in 
the sonar systems of Navy submarines. 
A sonar system detects underwater 
mines or other submarines by means 
of inaudible high frequency vibrations 
which are reflected back to it from the 
object. The evidence suggested that 
whales, too, locate food and obstacles 
underwater by using the echoes of their 
high frequency sounds. 

But how to test the hypothesis? And, 
if the whales do navigate by echo, 
would it be possible for a whale to 
navigate by sound alone? These were 
questions scientists wanted to answer. 

Gray whale experiments were im- 
possible. First of all, the creatures av- 
erage about fifty feet in length. Even 





more important, the coastal whale has 
been made nearly extinct by hunting 
and is now protected by law. The com- 
mon harbor porpoise seemed a likely 
substitute. The whale and the porpoise 
are of the same order, cetacea, and rep- 
resent two genera of the same family. 
It was expected that the echo sense was 
well developed in the porpoise. 

Dr. Kenneth Norris, curator of a 
private aquarium, made facilities and, 
most important of all, the porpoise avail- 
able to the scientists. 

The experimental design decided upon 
was a variation of the maze used to test 
responses of animals. Kathy’s maze was 
built by lowering pipes into a 35-foot 
circular tank. 

To secure Kathy’s cooperation in the 
porpoise-maze, it was necessary to train 
her without the suction cup blinders. 
With hunger as the stimulus, Kathy was 
trained to thread her way through the 
maze. At its end, suspended from an 
arm, was a one-and-one-half-inch bell. 
When Kathy rang the bell she was re- 





Science World graphie 


Ship detects sub with sonar. Sound waves 
are sent from ship through water. Length 
of time it takes for waves to strike sub- 
marine and bounce back to ship indicates 
distance between ship and submarine. 
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warded with a fish. Reward reinforced 
learning, and Kathy soon learned the 
correct maze responses. 

Then came the hard part—blindfold- 
ing Kathy. First, a spring-type clamp 
anchored by a suction cup on top of 
her head held a latex rubber muff over 
Kathy's eyes. But the apparatus. irri- 
tated the sensitive tissues on the top of 
Kathy’s head. Also, the cumbersome 
blindfold deflected the flow of water so 
much that it could have interfered with 
the animal’s normal behavior. 


Blinded Porpoise 

The problem was solved by designing 
individual latex rubber suction cups 
for Kathy’s eyes. To accustom her to 
wearing the cups, Kathy’s trainer cupped 
his hands over her eyes at repeated 
intervals each day. Then he repeated 
the peek-a-boo while holding the suc- 
tion cups in his hands. Finally, six weeks 
after Kathy had first been placed in the 
tank, the cups were pressed into place. 

From the first moment of her travel 
in the dark, Kathy showed no observ- 
able deviation from her normal behavior. 
Though unable to see or smell (during 
their evolutionary development _por- 
poises have lost this sense), Kathy lo- 
cated food easily. When pieces of 
mackerel and smelt of the same size 
were tossed into the water, Kathy 
snapped up the smelt, the preferred 
food of porpoises. When a live fish was 
put in the tank, Kathy chased and 
caught it. 

Her maze ability was not impaired. 
Kathy, on cue, rang the bell and crossed 
the tank for her reward, avoiding the 
vertical steel pipes. When the pipes 
were moved to other positions, Kathy 
again threaded the maze with ease. All 

(Continued on page 29) 
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PROJECT: The Recovery of Fossil Insects 
from Matrix 


STUDENT: MICHAEL BROWN 


WINNER, STUDENT ACHIEVEMENT AWARD, FUTURE SCIENTISTS OF AMERICA 


[Fossil plants and animals are useful 
clues in dating geologic strata—the 
pages of the history book of Earth. 
Through the study of fossils, scientists 
have been able to reconstruct climates 
and ecosystems (see Science World, 
April 20, 1960) that existed millions 
and even billions of years ago. Fossil 
records have permitted scientists to 
hypothesize about the origin and de- 
velopment of life on our planet. 

To be useful as evidence, fossils must 
be identified, named, and studied so 
that they can be recognized wherever 
they are found. In this way scientists 
in one part of the world can com- 
municate with scientists in other places 
to pool their information. Careful identi- 
fication of fossil specimens also permits 
scientists to compare the conditions of 
ancient life on one continent with those 
on another. 

The study of fossils is paleontology. 
One of the problems facing the paleon- 
tologist is this: while his specimens are 
easy to “catch,” they are usually bound 
tightly in a coating or matrix of rock. 
Before specimens can be examined, 
they must be painstakingly separated 
from the matrix. Tools for this vary 
from pneumatic drills and crowbars 
down to the most delicate of watch- 
makers’ tools and fine camel’s-hair 
brushes. 

For extremely small specimens—the 
subject matter of the micropaleontologist 
—chemical means are often useful. 
Michael Brown is a micropaleontologist. 
His careful description of his methods 
for separating fossil insects from matrix 
may open a field of research for more 
of Tomorrow’s Scientists. ] 


MICHAEL’S PROJECT 
Several years ago, 1 became inter- 
ested in microfossils and micropaleon- 
tology as a result of finding some shell- 
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laden sands near the town of Bandon, 
on the Oregon coast. 

For the purposes of the present proj- 
ect, I used limestone nodules found in 
washes and small valleys in California. 
These nodules were obtained from a 
prehistoric lake site. From the geologic 
formations in and around the area, this 
lake has been proved to be a Miocene 
formation. The Miocene period of the 
Tertiary epoch occurred approximately 
thirty million years ago. 

The organic constituents of the 
organisms found in the nodules must 
have been quickly replaced by silica, 
because the minute hairs which can be 
seen on the legs of the insects were 
found intact. Remains of non-vascular 
water plants found in the nodules in a 
perfect state of preservation are further 
proof of rapid fossilization. Ordinarily, 
these plants would have been wilted by 
heat or crushed by the sediments, but 
they are neither crushed nor wilted. 

The process of recovering the fossil 
specimens from the matrix seems sim- 





entombs 
an insect that lived thirty million years 
ago? David's careful chemical procedures 
uncovered the ancient secret of the rocks. 


Which of these li tone nodul 
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ple. Actually it is very complex because 
of the many and varied precautions one 
must take in handling the acid and the 
processes involved in dissolving the nod- 
ules. The acid used was formic acid, 
HCOOH. Other types of common acids 
were tried, but best results came from 
a solution of formic acid. Other acids 
tried were: (1) hydrochloric acid 
(HCL), which successfully dissolved 
the matrix, but harmed some of the 
specimens not composed of pure silica; 
(2) sulphuric acid (H.SO,), which 
gave no results at all; and (3) acetic 
acid (HC,H,0,.)—satisfactory but slow. 

The first step in the process was break- 
ing down the matrix which encased the 
tiny organisms. All types of acid-resist- 
ing jars and containers can be used in 
which to dissolve the nodules, but I 
prefer jelly glasses because of ease of 
handling and because they take up 
little space on the workbench. 

Too much acid in proportion to the 
size of the specimen will not hurt the 
specimen inside. Too little acid or a 
weak solution of acid will do consider- 
able harm to the specimen and the acid. 
The latter condition results in crystalliz- 
ation of the acid, and will cause loss of 
both the nodules and the acid. This I 
found out the hard way, and lost sev- 
eral nodules. I also found that the acid 
was weakened with use. If I wanted to 
use the acid again, it was necessary to 
mix four parts of the old acid with one 
part commercially pure acid. Only one 
nodule was used at a time, so that a 
complete record could be kept of the 
contents of the individual nodules. 

After eight to twenty hours, depend- 
ing on the size and degree of solubility 
of the nodule, the nodule was dissolved 
leaving a layer of sediment in the bot- 
tom of the glass. This layer contained 
the silicified insects and other organisms, 
along with particles of undissolved 





























Fossils of insects were found among the 
residues remaining after filtering solu- 
tions of formic acid and dissolved rock. 


matrix in the finely dissolved remains of 
the nodule. 

The next step was to filter this sedi- 
ment. For this, hoop 
with a piece of finely woven cloth was 
used. This crude filter allowed most of 
the fine sediment and the acid to pass 
through, and trapped the larger par- 
ticles, among which were the minute 
organisms. 

Next, the material remaining in the 
filter was washed under a slow-running 
stream of water from a faucet to wash 
away the undesirable matrix, leaving 
the insect specimens and other organic 
matter for the next part of the separa- 
tion process. 

The specimens were now in a little 
pile in the middle of the filter. Next a 
petri dish was up-ended over the pile 
and the pile and the filter turned over. 
A small stream of water over the pile 
released the specimens from the cloth 
and washed them into the petri dish. 

Gently, the insects were lifted from 
the dish with a fine camel’s-hair brush. 

The final step was mounting the tiny 
fossil insects upon slides. For this pur- 
pose, two types of slides were used: 
regular glass microscope slides and spe- 


an embroidery 





After filtering was completed, the resi- 
dues were transferred to a petri dish to 
be examined for remains of insects. 


cial slides for microfossils. The smaller, 
more delicate specimens are ‘mounted 
on the glass microscope slides. They 
were lifted from the material under the 
microscope viewing field and placed in 
a dish of alcohol, and then into a bath 
of xylol before final mounting. 


Mounting Process 

After the insect 
oriented on the slide, it 
with a commercial mounting medium, 
“Permount.” “Permount” was used for 
several reasons: it is rapid drying, easy 
to remove, and has a suitable refractive 
index for future photography. The 
specimen was then covered with a cover 
glass. If it had considerable height, the 
cover glass was held above the specimen 
by several small glass beads. This done, 
the specimen was ready to be identified, 
catalogued, and possibly photographed. 
The larger specimens were mounted 
on foraminifera slides used by micro- 
paleontologists. The mounting medium 
used with these slides was gum traga- 
canth mixed with several drops of for- 
maldehyde as a preservative. The gum 
tragacanth was brushed on the slides 
before the specimens were placed upon 


and 
was covered 


was mounted 











them. Taken from under the micro- 
scope, the larger insects were dipped in 
water and then placed upon the slides 
and oriented into the best position for 
viewing. As in the case of the smaller 
specimens, the larger ones were identi- 
fied, catalogued, and filed away. 

Thus, we have the complete and 
unique process by which these wonders 
of the natural world, which have lain 
buried for many millions of years, are 
extracted from their natural tombs. 

Account of Specimens: The 
common insect found was the dipterid, 
Dasyhelea. All growth stages of this 
small midge, or fly, were represented. 


most 


The remarkable preservation of the in- 
sects makes identification fairly easy, as 
quite a few of the minute details are 
visible under 40 X magnification. The 
next most common insect was a beetle, 
also represented by all the stages of 
growth. 

One nodule vielded a type of matter 
I could not identify. These objects are 
approximately one millimeter in length 
and They 
could be feces of one of the insect types, 
but it is not positively known what they 


are cylindrical in shape. 


are. 





Comparing fossils such as pupal midge 
(x 25) with modern forms of life, scien- 
tists can reconstruct ancient environments. 
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PROJECT: The Peaceful Atom at Work 


STUDENT: ROGER PHILLIPS 


[Did you ever lie in bed in the morn- 
ing to be finally coaxed into getting 
up by breakfast smells from the 
kitchen? If you live in the country, did 
you ever walk under a spring blossom- 
ing basswood tree and know why the 
bees were attracted by its honey fra- 
grance? 

All these fine things happen because 
the high energy of gas molecules causes 
them to bounce and rebound in count- 
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less random collisions and mix with 
the air you breathe. The process is 
diffusion—the equalization of states of 
energy as the molecules of sub- 
stance mix with those of another. 
Many important reactions depend 
upon diffusion—among them the ex- 
change of cellular materials basic to all 
life processes. Control of air and water 
pollution require an understanding of 
diffusion, as do many of the important 


one 
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physical processes basic to industry. 

A problem that long puzzled phys- 
icists, chemists, and biologists was how 
to measure accurately the rate of the 
diffusion of the atoms of one substance 
into another. Until radioactive isotopes 
became readily available, it was diffi- 
cult, indeed. The measurements made 
were littlke more than approximations. 
But techniques employing radioactive 
isotopes have chenged all this. With @ 
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radioactive tracer as a tool, the phys- 
icist or chemist can now measure diffu- 
sion rates with extreme precision and 
accurately describe what happens when 
a solid dissolves and diffuses into a 
liquid, when two gases mix, or when 
two solids are placed in close contact. 
A whole new area of precise measure- 
ment in physics and chemistry has been 
opened, 

Roger Phillips has measured the rate 
at which zinc atoms diffuse into lead.] 


ROGER’S PROJECT 

This is the third year I have been 
working in the field of nuclear physics 
and chemistry. In an earlier experi- 
ment, I plated a lead specimen with 
radio-zinc-65, exposed it at an ele- 
vated temperature (130° C.) for ten 
days, and then measured the diffusion 
of the zinc into the Jead, using a Geiger 
counter. 

This year, I went further into the 
area of metal diffusion. Using the dif- 
fusion of zinc into lead, I measured the 
relation between the rate of diffusion 
and time and temperature. 

In order to have a complete picture 
of the diffusion of zinc into lead, I de- 
cided to use both a pure lead specimen 
and a lead alloy, at each set of con- 
ditions. I bought a pig of what was 
said to be pure virgin lead. Just to 
make sure, however, this was analyzed. 

With half of the specimens, I varied 
the temperature against constant time. 
With the other half, I varied time 
against constant temperature. I exposed 
sets of specimens—one pure lead, one 
alloy—for ten days at 175°C., 225°C., 
and 265°C. The other half of the ex- 
periment consisted of exposing pairs 
of specimens for 20 days, 40 days, and 
80 days at 130°C. 

Each of the twelve specimens (six 
pure lead—six lead alloy) was worked 
down to a length of about two inches, 
each having end-face dimensions of 
13/32 inch wide by 7/8 inch long. 


Roger Phillips is working a specimen of 
lead down to exact dimensions as a first 
step in experiments on diffusion in metal. 


The alloy specimens were cut directly 
from an ingot, but the pure lead speci- 
mens were poured in dry plaster of 
paris molds. These poured specimens 
were allowed to cool and then were 
broken out of the molds and washed. 
After this, they were filed down to the 
same dimensions as the alloy specimens. 

The problem of uniformly smooth 
ing the end faces of the specimens and 
taking uniform layers off the speci- 
mens to measure diffusion, was solved 
by building a plastic jig to use during 
this shaping operation. Its purpose was 
to keep the same relative geometry be- 
tween the abrasive metallographic paper 
used to take off the layer of lead, and 
all specimens. In this way I could take 
off uniform layers from each specimen. 
The jig, which has a hole in the middle 
to pass the specimen, slides back and 
forth on two parallel waxed wooden 
tracks. In operation, the metal speci- 
men is placed in the jig against two up- 
rights. The metallographic paper is held 
in place under the wooden tracks and 
the plastic assembly slid over it, there- 
by abrading off layers of uniform thick- 
ness. 

After shaping, the end of each speci- 
men was plated with radio-zinc-65. 

Radioactive ZnCl,, the source of the 
radioactive Zn-65, is delivered (from 
Oak Ridge) in the form of a dried resi- 
due on the bottom of a small bottle. I 
estimated the weight of the ZnCl, from 
the radioactivity of the residue. 

The basic plating solution was made 
up as follows: 


ZnCl, 1.13 gm. 
NH,Cl 0.28 gm. 
Na(C.,H,O.) 0.14 gm. 
Glucose 1.13 gm. 
H.O 9.46 ml. 


One ml. of the above solution, pre- 
pared without the ZnCl, was diluted 
to 32 ml. and then the radioactive 
ZnCl, was dissolved in 10 ml. of the 
diluted solution. This gave a_ plating 


Materials for measuring diffusion of Zn 
65 into lead are ‘‘counter,’’ micrometer, 
sizing jig, patience and brain (not shown). 























25 


solution with the desired amount of 
zine in proportion to the other chemi- 
cals. 

The plating apparatus was conven- 
tional. A 500 ohm rheostat was used to 
regulate the current from a_ six-volt 
storage battery. The platinum anode 
used did not enter the plating reac- 
tion. 

In order to limit the diffusion to one 
face, only one end of the bars was 
plated. The small amount of zinc plated 
on the sides of each specimen was 
ground off, 

Because of the more rapid oxidation 
of lead and zine at high temperatures, 
each specimen to be exposed at 175°C., 
225°C., 265°C., was sealed in an atmos- 
phere of nitrogen. Also, the copper wire 
soldered to each specimen for plating 
purposes was left attached to react with 
any oxygen that was not washed out by 
nitrogen. Before the tubes were sealed, 
each was preheated to create a partial 
vacuum to prevent them from explod- 
ing in the oven. 


Two Problems 


Two problems arose in the plating 
process: 

(1) Pure lead specimens took much 
longer to plate than the alloy lead 
specimens. 

A possible explanation may be as 
follows: I noticed that a small amount 
of water was electrolyzed in the plating 
process. The H. from the electrolysis 
may have combined with the Cl. from 
the decomposition of the ZnCl. in the 
plating reaction. The HCL thus formed 
would have dissolved the lead from the 
bar, creating a back EMF in the cir- 
cuit. After some zinc was plated on 
the bar, the HCL would also have dis- 
solved it, creating even more back 
EMF. The tendency of the pure lead 
to create greater back EMF made it 
feed more current into 
the pure lead plating system. But since 
the system was being fed the maxi- 
mum current available, I had to plate 
for longer periods. 

(2) In plating specimen 12, the zine 
plate dissolved through the electrolysis 
above, and it was impossible to plate 


necessary to 


zinc on the bar. A reference described 
a similar system in whieh the lead was 
oxidized by the oxygen from the elec- 
trolysis. The PbO 
hibited an unusual property of being 
plated back on to the specimen as 
PbO. There, it insulated the specimen 
from the plating bath. This problem was 
solved by grinding off a very thin layer 
of PbO and plating the specimen again 
with more current. 

In metallic crystals, the atoms are 
arranged in a fixed lattice from which 
they are hard to move. But no crystal 


formed then ex- 
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has all of its lattice sites filled—vacan- 
cies or “holes” exist in the lattices. 
Neighboring or foreign diffusing atoms 
can easily move into the spaces. When 
an atom jumps into one vacancy, it 
creates another in its previous lat- 
tice site: an adjacent atom can move 
into this space. Through this constant 
shuflling of atoms, a given atom can 
migrate through a crystal. 

Why does an atom move into an 
adjacent spot? In the first place, bonds 
are elastic and the atoms are in con- 
stant thermal vibration around their 
theoretical position in the lattice. The 
amount of this vibration from 
atom to atom and moment to moment. 
Once in a while, an atom will break its 
bonds and open 
When heat is applied, the atoms vibrate 
more strongly, and the chances of an 
atom’s jumping to an empty space in- 
crease. Thus the rate of diffusion varies 
directly with temperature. 


varies 


move into an spot, 


Theory of Diffusion 

For example, if you carefully place 
a drop of ink in a glass of still water, it 
will just sit there and take a long time 
to diffuse throughout the water. If you 
add energy by stirring the water, the 
ink will quickly color the entire solu- 
tion. You might think of the water and 
ink as the atoms and the stirring as the 
thermal vibration. 

Metals can diffuse into each other 
by vacancies in the crystal lattices, be- 
cause atoms of different metals are rela- 
tively the same size. Generally speak- 
ing, a collection of little 
crystals or “grains.” The grain is a 
perfect lattice except for slight imper- 
fections or vacancies. But the grains lie 
together without order, like bricks in 
a heap. Very rarely does the lattice of 
one grain line up with the lattice of the 
grain next to it. This divergence is 
called the “angle of misfit.” 

In the area of this “angle of misfit,” 
there is an atomic jumble. The atoms 
here are attracted by both grains and 


metal is a 





ANGLE 
OF 
MISFIT 


GRAIN 
BOUNDARY 





Crystals of metal lie together without or- 
der. Divergence between grains is ‘angle 
of misfit.’ Here, atoms are loosely held 
and diffusing atoms pass along boundary. 


Dist. from Width of Diff. from 

Length Plate Layer Counts /min. preceding 
(Inches) 

1.8550 0.0000 oe 3500 
1.8545 0.0005 0.0005 850 2650 
1.8540 0.0010 0.0005 650 200 
1.8535 0.0015 0.0005 475 175 
1.8528 0.0022 0.0007 400 75 
1.8599 0.0050 0.0028 300 100 
1.8405 0.0145 0.0095 300 0 
1.8372 0.0178 0.1033 300 0 
1.8750 0.93900 0.0122 150 150 
1.8040 0.0510 0.0210 Background 100 


D — 8.18 x 107-4 


Chart shows how diffusion data were gathered. Sample of known width was abraded 
frem spec’men (col. 3). Counts per minute cf sample were recorded (col. 4), thus 
permitting Roger to determine hew far raciio-zinc had penetrated lead (col. 1). 


end up joining neither. Thus, they are 
loosely packed and disorganized and 
the diffusing atoms can pass alone such 
boundaries much easier than through 
the regular lattice. It is a known fact 
that diffusion takes vlace faster in fine 
grained metals, which have more erain 
boundaries than in metals which have 
large ervstals. 

Two formulas are essential for the 
ealeulotion of the amount of diffusion. 
The first is the actual calculation for 
mass flow. 


AC 
I (mass flow) = —D —— 
AX 
AX would be the change in the length 
of the bar and AC would be counts/ 
min. before abrasion minus the counts/ 
min. after abrasion. Thus, all of the 
independent variables but one can be 
found by measurement. This other 
variable is the diffusion coefficient. D, 
which is a constant for the particular 
combination of metals. time, and tem- 
perature The 
equation for this is as follows: 

1 


(— slope) —-—- 
4 Dt 


under — consideration. 


< 0.4343 


Solving for D: 
0.1086 


Dili darren 


slope x time 


where the slope is the slope of the dif- 
fusion curve plotted on semilog paper: 


(slope 


After treatment, the specimens were 
worked down on abrasive metallo- 
graphic paper in the holder described 
earlier. I ground off approximately the 
amount I wanted, measured the activity 
with the Geiger counter and then meas- 


specimen with a_ two-inch 
micrometer calipers to determine the 


ured the 


amount abraded off. 
Diffusion 


using the equation: 


QO. 1086 
Bi a icra 


slope x time 


coefficients were figured 





as reported in the theory section. 

In general, the diffusion coefficient 
for the alloy specimen was about .0001 
cm*=/sec. greater than the one for the 
pure lead at those conditions. 

There was a greater difference be- 
tween the ten-day exposure and_ the 
twenty-day exposure than between the 
twenty- and forty-day exposures. Since 
the e:ghty-day specimens are not out 
of the oven yet, no conclusions can be 
drawn regarding them. 


Results Vary 

The results from specimens at vatri- 
ous temperatures are a little different. 
The diffusion coefficients seem to fol- 
low a set pattern, but there are two 
exceptions. Number 11 had an un- 
usually high diffusion rate compared to 
the others. This I cannot explain. 

Number 
explainable. Number 13 became. very 
slightly Huid on the inside at the high 
temperature at which it was exposed, 
but did not melt sufficiently to lose its 
general dimensions. There are two bits 
of evidence to support this: (1) the 
cracks that formed on the top side of 
the specimen, and (2) the lump that 
formed on the bottom side. For this rea- 
son, I am not sure just how valid the 
results are for that specimen. 

In conclusion, it seems that 
ponential or logarithmic change in time 
results in a linear change in diffusion 
rate. 

On the other hand, a linear change in 
temperature produces a linear chang 
in diffusion rate. 


13, the other exception, is 


an eXx- 
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Boron-10 vs. 


Physicians and scientists working in 
cancer research at Brookhaven National 
Laboratory, Upton, N. Y., are probing 
the use of Boron-10 isotope in treating 
a common type of brain tumor (glio- 
blastoma multiforme ). 

Results of this therapy are so encour- 
aging that Brookhaven and at least two 
other institutions are constructing addi- 
tional nuclear reactors used in this 
therapeutic venture. 


The method. In a technique known as 
Neutron Capture Therapy, the patient 
receives an injection of a Boron-10 com- 
pound. Cancerous tissue absorbs most 
of the neutrons. 

In the split second that the Boron-10 
becomes radioactive, it produces short- 
ranged alpha particles which destroy 
cancerous tissue with a minimum of 
damage to healthy tissue. 


Producing the isotope. The plant fur- 
nishing Boron-10 to Brookhaven ordi- 


narily turns out about three pounds 
during a 24-hour work day. Separation 
of the isotope takes place in what is 
described as “the world’s most efficient 
fractionating system.” In 350 feet of 
total height, six series-connected Monel* 
nickel-copper alloy columns enrich a 
complex containing 18.8% Boron-10 iso- 
tope to one containing 92% Boron-10. 


Purification. To purify the 92% con- 
centrate, a whole series of complicated 
processing steps are needed . . . includ- 
ing deep freeze. Columns, reboilers, 
condensers, vessels, pumps, and piping 
abound — each a constant challenge . 

both to the metal and to those concerned 


with equipment design and operation. 


The International Nickel Company, Inc.. is the U. S. 





brain tumors 


How would you meet such chal- 





lenges? Some problems, of course, were 
unique and demanded ingenuity of a 
high order. But answers to most, 90% 
or more, could be found in the vast 
“experience bank” maintained by Inco 
... some 300,000 indexed and cross- 
referenced reports of metal perform- 
ance under all manner of conditions. 

Make a mental note: (1) that The 
International Nickel Company is a rich 
source of information on high-tempera- 
ture and corrosion-resisting alloys; (2) 
that Inco makes this experience avail- 


able to you. 


©1960, Ince 


The International Nickel Company, Ine. 


New York 5, N. Y. 


, International Nickel 


Affiliate of the International Nickel Company 


of Canada, Limited — producer of Inco Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium, 
Sulfur, and Platinum, Palladium and Other Precious Metals. 
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Hairy Problem 


It is a fact that no one has more than 
500,000 hairs on his head (the average 
is about 120,000). Knowing that the 
population of Los Angeles is 576,673, 
what is the probability that at least two 
residents of that city have exactly the 
same number of hairs on their head? To 
simplify the problem, assume that there 
are no bald-headed residents and that 
all amounts of hair occur with equal 
probability. 

Dan Smith 
Scarsdale, New York 
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Burning Question 


Jim had two candles, one an inch 
longer than the other. He lighted the 
longer one at 4:30 p.m., and the shorter 
one at 6 p.m. At 8:30 p.m. they were 
both the same length. The first candle 
burned out at 10:30 p.m., and the sec- 
ond at 10 p.m. How long were they be- 
fore Jim lighted them? 

John M. Famularo 
. Mt. Olivet, Kentucky 
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High Finance 


A student in need of money sent a 
telegram to his family in the following 
form: 

$ WI.RE 
$ +MO.RE 
$ MON.EY 


The student intended each letter to 
represent one of the integers from 1 to 
9. How much money should his family 
send him? 

Stephen A. Kamholtz 
Brooklyn, New York 
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Duck Soup 


Two fathers and two sons went hunt- 
ing. Each shot and killed one duck, but 
when they returned home, there were 
only three ducks among them. How can 
this be explained, if each brought home 
a duck and no two of them shot the 
same one? 

Myron Silver 
Montreal, Canada 
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Tea or Coffee? 


Imagine you have two cups identical 
in size and shape, one filled halfway 
with coffee, and the other filled halfway 
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with tea. Suppose you take a teaspoon- 
ful of coffee from the coffee cup and 
pour it into the tea cup. Stir the mix- 
ture in the tea cup. Now take a tea- 
spoonful of the mixture and pour it into 
the coffee cup. Will there be more tea 
in the coffee cup than coffee in the tea 
cup, or less? 

Oliver Cummins 

Lafayette, Indiana 


‘pazeadai si ssa 
-001d Surxtu ay} Jl ans} spypoy ose siyy 
‘aayoo pure va} jo sjyunowe [Ronuap! 
YY payeys aA asnedaq andy st sty] 
‘RSI9A BOIA pue ‘dnd aazoo ay} UI va} 
jo uoniodoid ayy jenba Aporxe ysnui 
dno va} ay} Ul aayoo Jo uoTs0do1d ay) 
IBuULYOX JY} aye yey} SURAUL SIU T, ‘910] 
-aq sv apsuryoxa afqnop ay} Jaye auies 
ay} st dno yora ur pmb jo yunour 
ay} ‘dnd yora wor paAowai pue papper 
usaq sey pinbiy Jo jnyuoodseay auo aouIg 
‘dnd va} ay} Ul avayoo jo JUNOUe 9y) 
sv aules ay} Apjoexa aq [IM dno aayoo 
ay} Ul va} Jo JUNOWR ayy cvamsuy 


Clever Hiker 
A hiker started walking from his city 

to a neighboring city 10 miles away. 
Soon he arrived at a crossroads, and 
found that the sign post had _ been 
pulled out of the ground and lay in the 
middle of the road. The post had four 
arms pointing in four directions. After 
a little thought, the hiker used the sign 
post to tell him which road he should 
take. How did he find the right direc- 
tion? 

Kathleen Kane 

East Haven, Conn. 
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Send in Your Favorite Brain Teaser 





You surely have a favorite brain teaser 
that you would like to share with other 
readers. Send the brain teaser, together 
with the solution, to Science World, 33 
West 42nd Street, New York 36, N. Y. 
We will pay $5 for every brain teaser 
published. Include the name of your 
school, in addition to your home ad- 
dress, and state your age. 


—_—— 
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Project Porpoise 
(Continued from page 22) 


told, Kathy successfully “ran” 200 vari- 
ations of the maze without grazing an 
obstacle or missing the bell. 

Each test lasted about 15 minutes. 
Summoned by thumps on the tank, 
Kathy came readily to have the blind- 
fold taken off or put on—sometimes 
seven or eight times a day. 

Kathy, the blindfolded porpoise, 
passed all tests. Conclusion: a porpoise 
navigates as well blinded as it does 


when seeing. 

But the purpose of the experiment 
was not to demonstrate Kathy’s virtu- 
osity, but to determine under controlled 
conditions how sound emission and 
echoes were involved in her navigation. 

Recordings showed that Kathy sent 
out both clicks and popping sounds at 
rates up to 200 per minute. Perhaps 
even more important for direction find- 
ing purposes were sounds above the 
range of human audibility—modulated 
pulses that ranged up to 23 kilocycles 
in frequency with overtones as high as 
80 to 100 kilocycles. 

Most human adults hear in the range 
of 10 to 15 kilocycles. “However, hu- 
mans do not make full use of their hear- 
ing equipment,” Paul Perkins said. He 
thinks that a valuable by-product of the 
porpoise study may be aid for blind per- 
sons. He believes that, with training, 
the blind may be taught to determine 
direction by hearing faint echoes. 

“Our still new science of underwater 
acoustics will undoubtedly be advanced 
by the study of the acoustical systems 
of marine mammals,” Perkins pointed 
out. Possible results: 

Improved sonar equipment, better 
ship designs, and increased accuracy of 
underwater projectiles. 





—Jory Ham 





Answers to Crossword Puzzle 


(See page 31) 
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“COME IN, EARTH... 
THIS IS PROJECT OUTREACH, 
BROADCASTING FROM THE MOON. 
DO YOU READ US?” 


Some day ... within a few years perhaps, this message will be sent 
to a waiting world by the first American to reach the moon. 

Conventional radio receivers could not receive this dramatic message. 
The noise developed in these receivers would drown out the human voice 
almost completely. 

However, Bell System scientists have just developed a remarkable 
new receiver that “hears” thirty times clearer than conventional radio 
receivers. It was developed for experimental communications via satellites. 

Who knows, this new receiver could very well be used to bring in 
that first broadcast from the moon ... loud and clear. 

This is just one of hundreds of Bell System research projects. Their 
purpose is to make sure that today’s telephone service is the finest on 
earth—and that tomorrow's communications will be the best . . . anywhere. 


BELL TELEPHONE SYSTEM (28) 
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By MURL SAILSBURY 


Evanston Township High School 


Summer is almost here—school is 
*most over for this year. What are your 
plans for vacation—trips, camping, skin 
diving, sailing, work or just plain old 
fashioned loafing? Each has something 
to offer. Sometime—along about the 
middle of July—time might hang a little 
heavy. Dig out this issue of Science 
World and try your hand at some of the 
projects suggested here. 

1. Can only carefully screened and 
selected persons withstand rocket and 
space travel? What would determine 
who could secure a ticket? 

2. Charts showing changes in radio- 
activity for your community. Are some 
spots “hotter” than others? Buildings? 
Roofs? Lawns? Farm land? Pastures? 
Parks? Streams? Lakes? Others? 

3. Charts, diagrams, models of nose 
cones. Shapes? Materials? Properties? 
Science principles incorporated? Others? 

4. Growth rates of organisms vs g’s? 
Centrifuges? Other means for secur- 
ing unearthly g’s? 

5. Mathematics of parabolas. Tra- 
jectories? Baseball? Diving? Tennis 
ball? Golf ball? Test rockets? Ballistics? 
Height vs distance? Thrust? Others? 

6. How many g’s experienced by a 
child on a playground swing? Is there 
a point of free fall? 

7. State fair, county fair, carnivals. 
What are g forces on motorcycle riders 
looping the loop or riding on sides of 
tank? 

8. Rockets and satellites are enor- 
mously complex. Things go wrong. 
These occur by chance. Probability. 
Any work being done on a method to 
find out what “probably” would go 
wrong next, and “fix” the item before 
it does? Implications for long space 
trips? Others? 

9. Psychology—study of summer bore- 
dom. Who experiences it? When? Fac- 
tors involved? Any relation to space 
travel? 

10. Experimentally fossilized speci- 
mens. What conditions are necessary in 
order to duplicate natural fossils? 

11. Techniques for preparing mi- 
croscope slides. Various buds of speci- 





mens. Small. Large. Soft. Firm. Dry. 
Wet. How to prepare? Mounting 
media? 

12. Any practical applications of 
metal-metal diffusion in the production 
of special alloys? 

13. How can radiation pressure from 
the sun cause particles to move? Dia- 
grams? Models? Observational  evi- 
dence? 

14. Is the release of carbon dioxide 
into the atmosphere by burning and 
use of fossil hydrocarbons changing its 
content significantly? Any inferences? 

15. What is the geological history 
of your particular area? How far back 
can it be traced? 

16. How many tons of CO, and 
hydrocarbon wastes are released in your 
community each year? Control, health 
implications, etc. 

17. Any organisms containing high 
percentages of formic acid? Ants? In- 
sect stings? Others? 

18. What are the odds that two stu- 
dents in a class of say 25 to 30 have 
the same birthdays? It’s above 50 per 
cent, 

19. If bacteria cause tooth decay, 
what is the role of fluorine? 

20. What are enzymes? Some com- 
mon ones? In saliva? Meat tenderizers? 
Others? Simple experiments demon- 
strating their activities? Starch to sugar. 
Many others. 

21. A project dealing with the col- 
ored substances of living organisms. 
Greens. Yellows. Reds. Others. Signifi- 
cances? 














22. A collection of mammalian hairs, 
Slides, etc. Develop a system of classi- 
fication. 

23. Charts, samples, etc., of fossil 
materials of economic importance. Pe- 
troleum. Coal. Diatomaceous earth. Di- 
nosaur footprints. “Medicinal” bones. 
Amber. Others. 

24. What is the difference between 
fossils and mummies? 

25. How many microorganisms can 
you isolate and culture from your dog’s 
mouth? Cat’s mouth? 

26. Experimental growing of animals 
under sterile (bacteria free) conditions. 
Effects on teeth, growth, immunities, 
and the like. Others? Do bacteria play 
a role in digestion in animals? 

27. Edible plants—how many can 
you identify in your area? 

28. Like to fish? How many species 
of game fish in your area? How many 
species of minnows? Relationship be- 
tween. 

29. Solar heat. Devise a collapsible, 
pocket-sized solar cooker. 

30. In commercial refrigeration heat 
is used to cool food. Can you devise 
a way to use solar heat to cool a house, 
a tent? 

31. Red cabbage juice is a good in- 
dicator, so is color from chrysanthemum 
petals. How many others? See what pH 
ranges are of these indicators. 

32. Underwater photography. Can 
you devise a way to take color pictures 
underwater? 

33. Chemistry of essential oils from 
wild mints, thyme, sweet fern, birch, 
sassafras, etc. 

34. What is average soil temperature 
in your area during summer? At what 
depth does temperature remain con- 
stant? Relation between soil tempera- 
ture and germination. 

35. Can you “hear” corn growing? 
Do plants grow during night, day, or 
both? 

36. Did you ever see a thistle or 
dandelion breaking through macadam 
pavement? How much pressure can 
plants exert? 

37. Measure fallout in your area. 
Relate to rainfall, wind temperature, 
dust storms. 
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From Alpha to Omega 


By Leopoldo Sapien, Stephen Fuller Austin High School, El Paso, Texas 


* Starred words refer to physics 


2 


Students cre invited to 
submit original crossword 
puzzles for publication 
in Science World. 
Each puzzle should be 
bu'lt around one topic 
in science, such as as- 
tronomy, botany, geolo- 
y, space, electronics, 
amous scientists, etc. 
Moximum about 50 
words, of which at least 
10 must be related to 
the theme. For each puz- 
tle published we will 
pay $10. Entries must in- 
clude symmetrical puzzle 
design, definitions, an- 
swers on separate sheets, 
design with answers 
filled in, and statement 
by student that the puz- 
tle is original and his 
own work. Keep a copy 
as puzzles cannot be re- 
als turned. Give name, ad- 
. pe “—~ ~ eee. 
ns. — P . ress uzzle Editor, 
“This job wouldn’t be so bad if we Science World, 33 West 
es, > ; “ 42nd Street, New York 
te didn’t always have to work nights. yg Ray Fy RO 
to this puzzle are on 

page 29. 
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* neseoncy \\ 
'g *1. High energy rays emitted by radio- *2. A transuranium element produced by 
active substances. atomic fission (symbol). 
le, *5. Positively charged particle composed 3. Massachusetts Institute of Technology 
of 2 protons and 2 neutrons. (abbr. ). 
eat 9. Middle. 4. Doctor of Medicine (abbr.). 
ioe 11. Submarine (colloq.). 6. Lump sum (abbr.). 
12. Manuscript (abbr.). 7 pL. 
Se, ‘ : 7. Place, throw. 
14. An atom that loses or gains one or Paes ; ; a 
: 8. French discoverer of radioactivity 
J more electrons. (initials ) 
in- 7 *15. Radioactive gaseous element formed ——e aa 
1m as a first product in the atomic dis- 10. Metals a o not corrode or de- 
oH integration of radium (symbol). terlorate rapidly. 
ae 17. Antarctic Circle (abbr.). 12. Fourth major planet from the sun. 
18. Look. 13. Antonym for happy. 
_ . . : , °19. Radioactive element with at. no. 88 °15. Color produced by longest wave 
res A dozen times, Daniels, weve (former symbol). visible in the spectrum. 
asked vcs agg to ager nr _e *21. A change which alters the identity of | °16. Gaseous element used in advertise- 
om yourself with the new chemicals. atoms, ment lights. 
ch, 22. Perform. ; J 23. Constellation outlining a lion, 
25. An unstable particle with a mass be- $4, Miement weed te aetles Game. 
| tween that of the electron and _ the aaa ‘el ie ; 
re  — i Zi . particles are electrons. 
a ‘oY proton. wore : 
at 9 (ae) Wik =" 28. Smallest particles of an element that 
1a 26. Discoverer of radium. ‘ 4 Mig . 
wag — 30. And (Latin) combine with similar particles of 
ies 2 wer : : ther elements to produce com- 
‘a- Wm 32. Uncharged particle in nucleus of an - ] 
gs wT | ; ero iat — pounds. 
RRAI if 33. Iron (symbol) 29. D-shaped electrodes used in cyclo- 
? QARP a of tr 
1g! °34. The nucleus of an atom of reon has rons. 
or _ protons. 31. Coffee is to Americans as — 
35. Apple a la mode. is to the English. 
or 36. Antiaircraft (abbr.). 33. Lie. 
- 38. Three-toed Australian bird. 37. Antonym of near. 
an 10. Bachelor of Science (abbr.). 39. Affirmative vote. 
11. Past tense of run. eo 41. Royal Observatory (abbr.). 
4S. Baseball player, : Williams. 42. Homonym for know 
ea. °45. Element used in control rods _ for sa aiaecinal™ Aza ; 
re, _ : absorbing neutrons. °43. Rare, grayish-white element with at. 
It says, ‘Why don’t you work it out 46. Reaction in which the material or no. 90, used in nuclear reaction 
for yourself? energy which starts the reaction is (symbol). 
LD also a product. 44. Roman numeral 501. 
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For high school graduates only 
“at, 


Make your diploma pay off as a Graduate Specialist 





This free booklet shows you how ... It’s yours for the asking! A new 
48-page booklet titled The Secret of Getting Ahead. Crammed with full- 
color illustrations, this free booklet shows you how to make your diploma 
pay off as a Graduate Specialist in today’s Army! 


Learn how to choose BEFORE enlistment. The Secret of Getting Ahead 
includes the complete Graduate Specialist story—all the facts about the 
Army educational program for high school graduates and seniors only. 

If you pass Graduate Specialist aptitude and physical tests, you'll choose 
the schooling you want before you enlist. (And in many technical fields, 
Army schooling ranks with the world’s finest!) This valuable free booklet 
describes each of 107 Graduate Specialist courses: X-Ray Procedures, 
Guided Missile Electronics, Meteorology, Atomics, Radar & TV Repair, 
Machine Accounting—many more. Remember: Selected Graduate 
Specialist courses are also open to qualified young women. 


Mail coupon today. Order direct from Washington by mailing the coupon 


today! Your free copy will be sent to you immediately—without obligation. 


Soldier-Wac X-Ray Team 


ARMY 


oeereeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


THE ADJUTANT GENERAL SW -18-5-6 


Department of the Army 
Washington 25, D. C., ATTN: AGSN 


Please rush me a free copy of The Secret of Getting Ahead. 
(I am a high school graduate or senior.) 


Print Name 
a 
os 


Zone ee 
This offer good in U.S.A. and its territories only.) 














Monk, William: *Adaptation for Survival 
Mr16-10; *Balance of Life (diagrams) 
Ap20-10; *Genetics, Genes, and Muta- 
tions (diagram) Mr2-9; *Living Clocks 
(diagrams) Ap6-9. 

Moon: Craters Explained (letter) J13-4; 
Eclipse March 12th (N) diagram Mr2- 
17; Electric Charge on (N) F3-16; How 
Mountains Are Measured (N) diagram 
Ap6-27; Moon Mapping Program (N) 
Mr2-16; Passamaquoddy Bay Tide Proj- 
ect (N) diagram N4-16; Radio Relay 
Station (N) F17-34; Russians Name Far 
Side (N) Ap6-26; Seismograph Instru- 
ments to Be Germ Free (N) My4-16; 
Size and Illusion (N) Ap20-19; Soviet 
Photo of Far Side of Moon (N) N4-16; 
Soviet Rocket Hits Moon (N) S23-15; 
Soviet Report on Magnetism and Moon 
(N) O7-17; Soviet Space Probe Around 
the Moon (N) diagram O21-18; To Place 
Seismograph on (N) S9-17. 

Mosquitos: see Sleeping Sickness. 

Motion: Bodies in Motion (letter) Ap20-5; 
Why a Ball Curves (letter) D9-4. 

Mountains: *Building Mountains 
Patrusky, diagrams) Ap6-5. 

Museums: American Museum of Natural 
History to Conduct Summer Institute 
F17-6T; Local Science Museums J13-24. 

Music: Plant Growth and Music (N) O7- 
18; *Project: Are Plants Music Lovers? 
(Marcia Riley) S9-22. 

Mutation: *Genetics, Genes, and Muta- 
tions (William Monk, diagram) Mr?2-9; 
*Project: Research in Radiation Induced 
Mutations (Harvey Picker) Mr2-22; 
*Project: Study of a Gene Mutation 
Causing White Eye in Drosophila 
(Vance Strausberg) Mr16-31. 

Myxomatosis: Report on (N) F17-35. 


(Ben 


N 


Narcotics: How They Affect the Human 
Body (letter) S9-5. 

National Bureau of Standards: see U. S. 
National Bureau of Standards. 

Navigation: *Atomic Clocks’ (Michael 
Dadin, diagrams) Ap20-13; Transit 1-B, 
Radio Beacon Satellite (N) diagram 
Ap20-17. 

Nerve Cells: Artificial Nerve Cell (dia- 
gram) N18-19; *The Links of Learning 
(Richard Brandt, diagrams) N18-16. 

Nitrogen Cycle: *Balance of Life (William 
Monk, diagrams) Ap20-10; “Laboratory 
Under Your Feet (Eliot Tozer, dia- 
grams) My4-5. 

Nobel Prizes: Dr. Chamberlain and Dr. 
Segre Win Prize in Physics (N) N4-18; 
Dr. George W. Beadle (Biographical 
Sketch) J13-20; Dr. Heyrovsky Wins 
Chemistry Prize (N) N4-18; *Dr. Ochoa 
and Dr. Kornberg Win Prize in Medi- 
cine N4-21. 

Numeration: see also Mathematics. Binary 
Numbers (letter) Ap6-4; *Puzzle of the 
Primes (Simon Dresner, chart) Ap20-27. 

Nutrition: *Stanch Ally of Medicine 
(Richard Brandt, charts) O21-13. 


oO 


Ocean Currents: see also Oceanography. 
Drifting Bottles to Check Bottom Cur- 
rents (N) My4-19; *Restless Ocean 
(Eliot Tozer, diagrams) Mr2-5; Warmer 
Gulf Stream (N) F17-35. 

Oceanography: see also Ocean Currents, 
Sea Level. Arctic Ocean Barren (N) 
021-19; Deepest Dive Made by Trieste 
(N) D9-18; *How Old Is It? (Eliot 
Tozer) F3-9; International Oceano- 
graphic Congress Meets (N) S23-18; 
*International Oceanographic Con- 
gress Report (N) O7-16; Trieste Set 
New Depth Record (N) F17-36; Under- 
water Island in Arctic Ocean Found 
(N) D9-19. 

Ochoa, Dr. Severo: Nobel Prize Winner 
-- Medicine (Biographical Sketch) N4- 


Oil: ‘see Petroleum. 
Origin of Life, Theory On: *How Did Life 
Begin? (Gerald Ames, diagrams) My18- 
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6; Life on the Planets (N) J13-17; Life 
on Venus (N) D9-16. 
Ostriches: Russians Study (N) F3-19. 


P 


Paper: Book Decay (N) My4-19. 
Patrusky, Ben: *Building Mountains Ap6- 


Periodic Table: Elements S23-11, O7-15. 

Perkins, Paul: *Project Porpoise (Bio- 
graphical Sketch) My18-22. 

Petroleum: New Theory on Formation 
(N) Mr2-18. 

Photoelectric Cells: Difference Between 
Silicon Solar Cells (etter) Ap6-4. 

Photomicrography: *Project (Franklin 
King) F3-21. 

Photons: *Atomic Clocks (Michael Dadin, 
diagrams) Ap20-13; Sunlight Forces 
Vanguard I Off Course (N) Ap6-25. 

Photosynthesis: see also Plants. *Case of 
the Green Bodies (Z. Subarsky, dia- 
gram) O7-10. 

Physiology: Muscle Engine (N) J19-19; 
Muscle Signal (N) Ap6-25. 

Physics: see also Specific Topics. Dr. 
Chamberlain and Dr. Segre Win Nobel 
Prize (N) N4-18. 

Piccard, Dr. Jacques: Depth Record Set 
(N) D9-18, F17-36. 

Pigments: Color of Flowers Ap20-5. 
Planets: Exobiology Report (N) F3-16; 
Life Without Oxygen (letter) S23-5. 
Plants: see also Trees. *At the Edge of 
Life (Sidney Seltzer, diagram) S23-6; 
*Case of the Foolish Seedlings (Maurice 
Bleifeld) My4-9; *Case of the Green 
Bodies (Z. Subarsky, diagram) O7-10; 
Fallout Report (N) My4-19; Grown 
Without Soil (N) Mr2-19; *Living Clocks 
(William Monk, diagrams) Ap6-9; New 
Chemicals Promote Growth (N) S9-18; 
Plant Growth as Related to Music (N) 
O7-18; *Project: Are Plants Music 
Lovers? (Marcia Riley) S9-22; *Project: 
Effect of Test Atmospheres on Plants 


(James Murdock) My4-23; *Project: 
New Separation Process for Algae 
(Larry Dahlkvist) J13-21; *Project: 


Protein Content in Green Algae (James 
Geil) O7-21; Serum from Plants (N) 
S23-17; Taste of Algae Improved ‘(N) 
D9-19; To Catalogue World’s Plants (N) 
My18-17; What Causes Flower Color 
(etter) Ap20-5. 

Plasma: *Bottling the Sun (Simon Dres- 
ner, diagrams) J13-7. 

Plumage: see also Birds. *Project: Water- 
proof Plumage of Birds (Josh Wallman) 
Ap20-23. 

Poliomyelitis: Live Polio Shots (N) S9-19; 
Oral Vaccine Tested (N) Mr2-16; Photo 
of Virus Inside Human Cell Made 
(N) J-13-16; Salk, Jonas (Biographical 
Sketch) S9-20; Salk Vaccine Report 
(N) My4-17. 

Population: *Countdown-Coast to Coast 
(Remington Rand Insert) Mr16-17. 

Porpoise: Aids Naval Architects (N) dia- 
gram F3-17; *Project Porpoise (P. Asa- 
Dorian & P. Perkins) My18-22. 

Project and Club News: College Help for 
Clubs F17-42; David Milne Builds Elec- 
tronic Braille Typewriter S23-20; Ideas 
for Science Clubs F17-3T; Ideas From 
This Issue F17-42; Inventor of ARLIC 
D9-28; John W. Dreese Explains Basic 
Principles of Paper Chromatography 
S23-21; Local Museums J13-24; National 
Science Youth Month in October S23- 
20, 5T; Needed-Projects for Uncle Sam 
N18-28; Professional Help for Future 
Scientists F3-28; Science Achievement 
Awards and Eleventh National Science 
Fair S9-26; Science Club Goal: Anti- 
Coagulant D9-28; Snow Crystal Photo- 
micrographs D9-31; Starting a Science 
Club (Dr. Morris Meister) S23-1T; Tim 
Wyngaard, IGY Junior Member to 
Study Eclipse S23-20; Tips for Science 
Fair Exhibits (C. F. Runtsch) O7-26, 
021-28. 

Projects and Experiments: see Tomorrow’s 
Scientists, Project and Club News, 
Project Pointers and Study Ideas. 

Project Pointers and Study Ideas: Murl 
Sailsbury, Ap20-29, My4-27; My18-30. 
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Rabbits: see also Animals. Report on 
Myxomatosis (N) F17-35. 

Radar: New Army Radar (N) S9-19; Proj- 
ect Tepee (N) S9-18; Telescope (N) 
021-17. 

Radar Astronomy: Contact with the Sun 
(N) F17-33. 

Radiation: see also Radioactivity. *Catch 
a Falling Star (Eliot Tozer) N4-7; Ex- 
plorer VII to Measure Sun’s Radiation 
(N) 021-18; Fallout in Plants (N) My4- 
19; How Rays Kill (N) D9-18; *Project: 
Research in Radiation Induced Muta- 
tions (Wayne Settle) Mr2-21; Radiation 
Belts (James Van Allen) S23-22. 

Radio: see also Microwaves. Ham Oper- 
ators Asked to Record Vanguard III 
Signals (N) O21-18; Silence Asked for 

Number of Frequency Bands (N) N18- 
23. 

Radio Telescope: Ears on the Universe 
(N) 021-16; Project Ozma-Green Bank, 
W. Va. (N) My4-18. 

Radio Transmitters: Student Bounces 
Signal off Satellites (N) diagram Mr2- 
26. 

Radioactivity: see also Radiation. Effects 
on Human Body (letter) O7-4; *Hot 
Waste ... Problem of the Atomic Age 
(Simon Dresner, diagrams) My18-13; 
*Project: Radioactivity in Milk (Robert 
Schooley) S23-23; Radioactive Gold 
Helps Dredge Harbor (N) O7-18; Stron- 
tium Study on Deer Antlers (N) D9-19. 

Radiocarbon Dating: *How Old Is It? 
(Eliot Tozer) F3-9. 

Radioisotopes: *Genetics, Genes, and Mu- 
tations (William Monk, diagram) Mr2-9; 
Mister Isotope (Dr. Paul C. Aebersold) 
My4-20; *Project: Peaceful Atom at 
Work (Roger Phillips) My18-24. 

Refiection: “Light Twisters (Simon Dres- 
ner, diagrams) Ap6-13. 

Refractien: *Light ‘'wisters (Simon Dres- 
ner, diagrams) Ap6-13. 


Relativity, General Theory: *Atomic 
Clocks (Michael Dadin, diagrams) 
Ap20-13. 


Right-Handedness: Righty or Lefty (let- 
ter) F17-4. 

Rocket Fuel: Navy Develops New Fuel 
(N) O7-19. 

Rockets: see also Guided Missiles. Did 
Soviet Rocket Hit Moon? (letter) O21- 
4; Electric Power from Exhaust Gases 
(N) N18-20; Escape Velocity of (letter) 
Ap20-5; “Ions in the Sky (Eliot Tozer, 
diagrams) N18-8; Most Powerful Engine 
(N) Mr2-17; Navy Develops New Rocket 
Fuel (N) O7-19; *Project Saturn (Willy 
Ley) S23-12; Soviet Rocket Hits Moon 
(N) S23-15; Soviet Report on Magne- 
tism and Moon (N) O7-17; *Travel by 
Rocket (Willy Ley, diagrams) My18-10. 

Roemer, Ole: *How Fast Is Light? (Mich- 
ael Dadin, diagrams) Mr16-13. 

Royal Society: 300th Birthday (N) Mr2-19. 

Runtsch, Clarence F.: Tips for Science 
Fair Exhibits O7-26. 

Russia: Did Rocket Hit Moon (letter) O21- 
4; Launch Space Probe Around the Moon 
(N) diagram O21-18; Launches Five 
Ton Satellite (N) My18-19; Name Far 
Side of Moon (N) Ap6-26; Photo Taken 
of Far Side of Moon (N) N4-16; Rocket 
Hits Moon (N) S23-15; Report on Mag- 
netism and Moon (N) O7-17; Study 
Ostriches (N) F3-19. 
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Sailsbury, Murl: Project Pointers and 
Study Ideas Ap20-29, My4-27; My18-30. 

Salk, Jonas: Polio Fighter (Biographical 
Sketch) S9-20. 

Salt: How Removed from Sea (letter) 
J13-4; How Removed from the Soil (let- 
ter) Ap6-4. 

Sanger, Dr. Frederick: Molecule Juggler 
(Biographical Sketch) O7-20. 

Saturn (Project): *Project Saturn (Willy 
Ley ) $23-12. 

Science in Quotes: Beadle, Dr. George W. 


J13-3; Bronowski, J. O21-3; Clarke, 
Arthur C. Mrl16-5; Cohen, I. Bernard 
F17-3; Eddington, Sir Arthur D9-5, 
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Mr2-3; Howes, Paul Griswold Ap6-3; 
Kaempffert, Waldemar F3-3; LeCorbeil- 
ler, Philippe O7-3; Pavlov, Ivan N4-5; 
Sarton, George N18-5; Shimer, John A., 
My18-5; Teale, Edwin Way Ap20-3; 
Webster, Gary My4-3. 

Sea Level: How Measured (letter) O7-4. 
Seaborg, Glenn T.: Man Who Made Ele- 
ments (Biographical Sketch) O21-20. 

Seismology: see Earthquakes. 

Semi-Conducters: Dr. Walter H. Brattain 
(Biographical Sketch) Ap6-30. 

Sharks: see also Fish. Shipped in Plastic 
Bags by Plane (N) Mr2-18. 

Shaw, Dr. Evelyn: Fish Sleuth 
graphical Sketch) F3-20. 

Shell Fish: see Fish. 

Shifting Crust-Ice Caps: *Building Moun- 
tains (Ben Patrusky, diagrams) Ap6-5. 

Ships, Atomic Powered: see also Sub- 
marines. N.S. Savannah (N) S9-19. 

Shock Waves: see Sound. 

Skinner, Dr. B. F.: Pigeons, Ping Pong 
and Psychology (Biographical Sketch) 
Mr16-30. 

Sleeping Sickness: *At the Edge of Life 
(diagram) S23-6; Eastern Equine Ence- 
phalitis (N) O21-19; Outbreak In Ni- 
geria (N) Mr2-18. 

Slime Molds: *Cell Differentiation (Rich- 
ard Brandt, diagrams) F17-10. 

Snow: Color and Melting Snow (letter) 
J13-4; *Diamonds from the Sky (Eliot 
Tozer, diagrams) D9-6; Glaciers De- 
clining (N) Mr2-17; Photomicrographs 
(Club Project) D9-31; *Secrets of the 
Big Ice (Eliot Tozer, diagram) F17-5; 
Snowflakes D9-C; Why Frost Forms 
Patterns (letter) F3-4. 

Soifer, Rafael: Bounces Radio Signals Off 
Satellites (N) diagram Mr16-26. 

Soils: *Laboratory Under Your Feet 
(Eliot Tozer, diagrams) My4-5. 

Solar Power: Dr. C. G. Abbot Patents 
Solar Heater (N) O21-19; *Secrets of 
the Sun (Eliot Tozer, diagrams) O21-5. 

Sonics: see Sound. 

Sound: *Machines That Listen (Michael 
Dadin, diagram) Mr2-12; Noise Stress 
Affects Animals (N) J13-19; *Project 
Porpoise (P. Asa-Dorian & P. Perkins) 
My 18-22; Sonic Boom Explained (letter) 
021-4; Sounds from the Past (letter) 
My4-4; Speed of Sound (letter) S23-5; 
Traveling Faster Than Sound and Talk- 
ing (letter) My18-4; Why a Whip Cracks 
(etter) S23-5. 

Space: Award Offered by NASA (N) N4- 
19; Is Space Infinite? (letter) S9-5, An- 
swer N4-4; Our Place in Space (Gen- 
eral Electric Insert) F17-17; Space 
Prophet (Wernher von Braun) N18-24. 

Space Flight: Astronaut Rides Giant 
Centrifuge (N) S23-16; Dog May Join 
First Flight (N) N18-21; Heat Shields 
Being Developed (N) O7-19; Oxygen 
Supplied by Algae Tested in Space 
Chamber (N) My18-19; Project Mercury 
(N) My18-16; *Project: Theoretical Pre- 
vention of Aeroembolism (William S. 
Barry ) D9-21; Report on Space Monkey, 
Sam (N) D9-17; Space Capsule Tested 
(N) O7-18; Space Monkeys (N) S9-16; 
Spacemen Progress (N) S9-16; *Travel 
by Rocket (Willy Ley, diagrams) My18- 
10; X-15 Takes a Test (N) S9-16, O7-18; 
Weightlessness Experiment (N) F17-33. 

Space Science: see Specific Topics. 

Specimens, Preservation Of: *Useful Solu- 
tions and Culture Media My4-7T. 

Spectrograph: *Machines That Listen 
(Michael Dadin, diagram) Mr2-12. 

Sponges: see Marine Life. 

Star ’60: See also Education. Science Teach- 
er Achievement Recognition Awards 
$23-5T, J13-4T, Ap20-4T. 

Stars: see Astronomy. 

Subarsky, Zachariah: *Case of the Green 
Bodies (chart) O7-4. 

Submarines: Porpoise Aids Naval Archi- 
tects (N) diagram F3-17; Triton Circles 
Globe (N) map My18-17. 

Sun: see also Astronomy, Solar Power. 
*Bottling the Sun (Simon Dresner, dia- 
grams) J13-7; Forces Vanguard I Off 
Course (N) Ap6-25; Radar Contact with 
(N) F17-33; X-Ray Photos Taken (N) 
My4-16. 


(Bio- 


Sun Spots: *Mightiest Magnet (Michael 
Dadin, diagrams) F17-13. 
Synchrotron: See Atom Smashers. 


T 


Tails: Function of Dog’s Tail (letter) 
Mr16-6. 

Teaching: See also Education, Star ‘60. 
Police Detective Leaves Force to Teach 
$23-6T. 

Telescope: See Radar Astronomy, Radio 
Telescope. 

Television: Continental Classroom S23-6T. 

Temperature: See also Low Temperature 
Research. Absolute Zero (letter) Mr16- 


6. 

Test It for Yourself (Theodore Benja- 
min): Experiments to Verify a Scien- 
tific Principle Mr16-29, Ap6-29. 

Tests: See Meeting the Test, Test It for 
Yourself, What Happens and Why. 

Thayler, Dr. William J.: Project Tepee 
(N) S9-18. 

Thermonuclear Reaction: see High Tem- 
perature Research. 

Thymus Gland: see Glands. 

Tide Power: see also Electricity, Oceanog- 
raphy. Electricity from Tides (letter) 
O21-4; More on Quoddy Project (letter) 
D9-4; Passamaquoddy Bay Project (N) 
diagram N4-17. 

Tides: see also Oceanography. *Wonder 
of the Tides (Eliot Tozer, diagram) 
Mr16-7. 

Time: Kentucky & Tennessee on E.S.T. 
(N) Mr16-28. 

Today’s Scientists (Biographical Sketch- 
es): Aebersold, Dr. Paul C. My4-20; 
Asa-Dorian, Paul My18-22; Beadle, Dr. 
George W. J13-20; Button, Dr. Janice 
Mr2-20; Brattain, Dr. Walter H. Ap6-30; 
Harlow, Dr. Harry F. F17-38; Kornberg, 
Dr. Arthur N4-21; Malkus, Dr Joanne 
Ap20-22; Ochoa, Dr. Severo N4-21; Per- 
kins, Paul My18-22; Salk, Jonas S9-20; 
Sanger, Dr. Frederick O7-20; Seaborg, 
Glenn T. 021-20; Shaw, Dr. Evelyn F3- 
20; Skinner, Dr. B. F. Mr16-30; Van 
Allen, James S23-22; von Braun, Wern- 
her N18-24; Waksman, Selman A. D9-20. 

Tomorrow’s Scientists: see also Project 
and Club News, Project Pointers and 
Study Ideas. Projects: Are Plants Mu- 
sic Lovers? (Marcia Riley) S9-22; Con- 
struction of Gas Chromatograph (John 
Allen) 021-21; Controlled Scattering of 
Light (Arthur Fankuchen) Ap6-33; 
Crystallography (James Birk) F17-39; 
Determining Mass by _ Acceleration 
(Fred Brown) My4-21; Effect of Test 
Atmospheres on Plants (James Mur- 
dock) My4-23; Experiment in Spawn- 
ing of Tropical Fish (David deHoll) 
N4-23; Insect Phototropism (Josephine 
Randall) O21-23; Isolation of the En- 
zyme SucraSe (David Lloyd) N18-25; 
Light Sensitivities of the Earthworm 
(Nancy Sahnd) S9-21; Metal Whis- 
kers ... Their Growth (Michael Nolan) 
S9-23; Measurable Effects of Adrenalin 
on the Circulation of the Laboratory 
Rat (Kenneth V. Jackman) Ap6-31; 
New Separation Process for Algae 
(Larry Dahlkvist) J13-21; Peaceful 
Atom at Work (Roger Phillips) My18- 
24; Photomicrography (Franklin King) 
F3-21; Practical Uses of the Butternut 
(Andrew Horton) O7-24; Protein Con- 
tent in Green Algae (James Geil) O7-21; 
Radioactivity in Milk (Robert Schooley) 
S23-23; Recovery of Fossil Insects from 
Matrix (Michael Brown) My18-23; Re- 
search in Radiation Induced Mutations 
(Wayne Settle) Mr2-21; Secondary Time 
Source (William McGinnis) F17-41; 
Seismology (Diana Woodington) Mr16- 
32; Study of a Gene Mutuation Caus- 
ing White Eye in Drosophila (Vance 
Strausburg) Mr16-31; Theoretical Pre- 
vention of Aeroembolism (William S. 
Barry) D9-21; Waste Materials from 
Papermaking as Fertilizer (Ronald 
Yonke) Ap20-25; Water Channel for 
Aerodynamic Flow Studies (Harvey 
Picker) Mr2-22; Waterproof Plumage 
of Birds (Josh Wallman) Ap20-23. 


Toth, Robert: *How Long Is a Micro- 
microsecond? S9-12. 

Tozer, Eliot: *Catch a Falling Star N4-7; 
*Diamonds from the Sky (diagrams) 
D9-6; *How Old Is It? F3-9; *Ions in 
the Sky (diagrams) N18-8; *Killer Wind 
(charts) O7-6; *Laboratory Under Your 
Feet (diagrams) My4-5; *Restless Ocean 
(diagrams) Mr2-5; *Secrets of the Big 
Ice (diagram) F17-5; *Secrets of the 
Sun (diagrams) 021-5; *Wonder of the 
Tides (diagram) Mrl16-7. 

Transfer of Heat: Does Hot Water Freeze 
Faster? (letter) My4-4. 

Transistors: Artificial Nerve Cell (dia- 
gram) N18-19; Brattain, Dr. Walter H. 
(Biographical Sketch) Ap6-30. 

Trees: see also Plants. Bristlecone Pine 
(letter) D9-4; Force-Feeding to Pro- 
mote Growth (N) D9-19. 

Trypanosomes: see also Sleeping Sick- 
ness. *At the Edge of Life (diagram) 
S23-6; Sleeping Sickness in Nigeria (N) 
Mr2-18. 

Tunnels: English Channel Planned (N) 
diagram J13-19. 

Turtles: Age of (etter) F17-4. 


U 


U. S. Army: New Radar (N) S9-19; To- 
morrow’s Soldier (N) S9-17. 

U. S. National Bureau of Standards: *How 
Long Is a Micromicrosecond? (Robert 
Toth) S9-12. 

U. S. Navy: Gooney Bird War (N) My4- 
18; Atomic Submarine Triton Circles 
Globe (N) map My18-17; Project Por- 
poise My18-22. 


Vv 


Van Allen, James: Space Detective (Bio- 
graphical Sketch) S23-22. 

Velocity: Car Crash (letter) Ap6-4; Es- 
cape Velocity of a Rocket (letter) 
Ap20-5. é( 

Venus: Does Life Exist (N) D9-16. 

Vetlesen Award: Dr. Maurice Ewing Wins 
First Award (N) Mr2-19. 

Virus: see Medicine. 

Volcanos: Erupts in Hawaii (N) N18-22; 
Krakatoa Explosion, Largest on Earth 
(etter) N18-7; Making Offerings to 
Goddess Pele (N) Ap20-20; *Nature’s 
Volcano Laboratory (Hal Gieseking, 
diagrams) J13-5. 

von Arx, William: *Restless Ocean (Eliot 
Tozer, diagrams) Mr2-5. 

von Braun, Wernher; Space Prophet (Bio- 
graphical Sketch) N18-24. 


Ww 


Waksman, Selman A.: Man Against Mi- 
crobes (Biographical Sketch) D9-20. 
Walsh, Lt. Don: Depth Record Set (N) 

D9-18, F17-36. 

Water: see also Floods, Oceanography. 
How Salt Is Removed from Sea (letter) 
J13-4; Salt Water Irrigation (N) S23- 
16; Water Doesn’t Burn (letter) N18-7. 

Waterfall, Wallace K.: Brattain, Dr. Wal- 
ter H. (Biographical Sketch) Ap6-30. 

Weather: see Meteorology. 

Weight: Bees in a Box (letter) Mr16-6. 

Weight (Physiology): New Tables Planned 
(N) 021-19. 

Westinghouse Science Talent Search: In- 
terview with Sister Mary Lauretta 
Mr16-4T; Jerome Spitzner Wins lst 
Place (N) Mr16-26. 

Whale: Cardiogram Made (N) J13-16. 

What Happens and Why (Theodore Ben- 
jamin): Diagram or Picture Tests F17- 
37; Observational Experiences S23-27; 
Predicting and Explaining N18-15. 

Wind: see also Meteorology. Bridges and 
Buildings Withstand Force (letter) O7- 
4; Speed of (N) F3-17. 

Wind Tunnels: Air Force Builds (N) 
F 17-35. 


X 


X Rays: Photos of Sun’s X Rays Taken 
(N) My4-16. 
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N) Now is the time to plan for next fall. Start your students off the very first day with 
equipment that puts them into the orbit of inspiration. 
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To the men who know that 
astronomy is not a flat subject 


Young minds are waiting to know the excitement of science. To help you in | 





this most important task, Tinsley Laboratories has designed several new | 


teaching aids. One of the finest is a 12-inch telescope, built the way Tinsley 


builds them for major universities. It magnifies 48 to 800 times an object’s | 


diameter, so it can vividly show individual craters on the moon, for example, 


and the markings on Mars. This telescope will grow with your students. 


Accessories are available for almost any kind of research. Tinsley also | 


makes smaller telescopes and 
schools, from the secondary level 
products may fit your special 
will work with you, to design and 
quirements. For specifications, 
how to obtain Tinsley teaching 
school or school district, write to 






] 


a‘ 





other optical teaching aids for | 


through college. One of these | 


needs perfectly. If not, Tinsley 
produce equipment to fit your re- 
information, and suggestions of 
aids and telescopes for your 
School Telescope Department, 


Tinsley Laboratories, Inc., 2526 Grove Street, Berkeley 4, California 


| 
| 


Conservation 
Resource Book 


Conservation, a 72-page resource 
book, published by the Camp Fire Girls, 
Inc., is a guide compiled for adults 
working with young people. According 
to Paul B. Sears, Chairman of the Yale 
Conservation Program and author of 
many books on conservation, “This book 
is a sound and practical job, especially 
welcome as an answer to the many re- 
quests for material suitable for young 
people. Its benefits should extend far 
beyond the membership of the Camp 
Fire Girls organization.” 

The book offers many lively ideas 
and how-to-do-its for the enthusiastic 
conservationist. The first section is a 
guide to exploration of the natural re- 
sources of the reader’s own community 
in order to learn “What’s where, and 
why.” By studying lakes and_ ponds, 
rivers and streams, meadows and fields, 
beaches and deserts, forests and wood- 
lands, bogs and marshes, cities and 
towns, the reader can learn about the 
problems that may exist in his own 
vicinity. 

The second section suggests ideas 
and ways for the individual or group 
to conserve resources, including soil 
and land, water, forests, wildlife, min- 
erals and human resources. 

A conservation directory lists local 
state and national sources for assistance. 
The layout, format, full page photo- 
graphs and explanatory line drawings 
should appeal to both young people 
and adults. The book may be purchased 
through the Supply Division (Code 
# D-249), Camp Fire Girls, Inc., 450 
Avenue of the Americas, New York 17, 


New York. 


Film 
Grass Blade Jungle 


The Grass Blade Jungle is a new 
science film for elementary and junior 
high school levels. Every back yard and 
vacant lot is a teeming world of small 
animals, each with special functions 
and relationships. The film explains 
their individual characteristics with dia- 
grams and extreme close-ups, encour- 
aging students to observe and_ study 
these tiny creatures. One way to use the 
film would be as preparation for a field 
trip. 11 minutes in length. Film is avail- 
able for purchase or rental, Check with 
your audio-visual co-ordinator for fur- 
ther information. 

Bailey Films, Inc., 6509 De Longpr 
Avenue, Hollywood, California. 
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NOW YOU CAN VISIT 30 DESKS AT ONCE 





™ BAUSCH & LOMB 


MICRO-PROJECTOR 

















Project fixed microscope slides 
or living micro-organisms onto 
a wall screen, or table-top for 
tracing. Change-over is quick 
and easy. (Meets requirements 
of C.C.S.S.O. Purchase Guide, 
Nos. 2610 and 2615.) From 
$150.00. (Price subject to 
change.) 
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Add fuller understanding to each student’s 
microscope study right from your own desk 
with the B&L Tri-Simplex* Micro-projector. 


The Tri-Simplex* lets you point out important 
details to the entire group at once. Students know 
exactly what to look for when using their own 
microscopes. They understand better; you get 
your point across faster. 

Like to have a good look for yourself? Ask for 

a laboratory demonstration or write for 

Catalog E-248. No obligation, of course. 

Bausch & Lomb Optical Co., 80905 Bausch St., 
Rochester 2, New York. 


* Trademark, Bausch & Lomb Optical Co. 
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Don’t Shortchange The Student! 


The school and college laboratory is the training ground for budding 
scientists. It is in school that they learn the fundamentals which they carry 
throughout their entire lives. It is in school that they formulate the thought 
processes which they put to good use in the years following graduation. 


Because of the importance of this training, no school or college will offer 
students an inferior textbook or an incompetent instructor. The best is none 
too good for the scientist of tomorrow! 


Similarly . . . the best in laboratory equipment is none too good for 
today’s scientific student. Unfortunately, there is available in this field, 
laboratory glassware which is known as the “second”, or “school” grade of 
well-known manufacturers. 


Don’t cheat your students of the opportunity to work with the best 
available laboratory glassware . . . especially when you can buy it cheaper 
than some of the “inferior” grades. Specify Diamond D and be sure of the 
best. For the complete story of Diamond.D manufacture write today for 
our booklet “Behind The Diamond D” Doerr Glass Company, Vineland, N.J. 


OL’ NANTUCKET WEATHER CLASS 


Here ts a hand-blown replica of the weather glasses used on the 
square-rigged sailin ps that rounded Nantucket Light more 
than a century ago. It is a crystal-clear pear-shaped pendant 
which hangs on a 1014" long wrought tron bracket. Fill the gl 
with water according to directions; chart shows how to translate 
H ] sts, Ideal 
for home, office, den, recreation room, college dorm or classroom. 
$3.95 postpaid. Doerr Glass Specialties, Inc., Vineland, N.dJ. 
Offer good only in continental U.S. and Canada. - 


ass 


movement of water in spout in terms of weather foreca 


Diamond D Laboratory Glassware 











